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Practical Application of the T heory of Games 
to Complex Managerial Decisions 


By Spencer A. Weart 


Lice President, Barrington Associates, Ine. 


bre quently, the management of even the smallest 
industrial enterprise, complex deemsions must be made. 
Such deeisions require that numerous factors must be 
weighted, peor variables epuated 
all other possible combinations, and a final answer found 
by some abstruse mental solution of what ims really an 
mation! process is lumped under the heading of “business 
judgment’, and rarely can the manager trace back the 
actual steps by which he arrived at his decision in a mar 
ginal case, and seldom can he formulate the equations 
mathematieal terms, despite them real existence. At thos 
point, hasten to say that managerial decisions never can 
be purely mathematical, beeause of the tnposubility of 
assigning exaet numbers to mtangbles. But, the mental 
torture of evaluating the factors can be reduced or elim 
nated, by analyzing a problem and expressing it in a form 
that permits a yes or no decision, mstead of a yes-bul or 


The procedure for doimg this is spelled out compl 


ented mathemationl manner im the Theory of Games. There 


ix, however, a simple, practical method for applying this 
Interesting theory to complex manageral problems, re 
ducing them to ordinary terms tor an easy, reliable, obvi 


ous cleerston. 


Theory of Games 

The theory of games is usually considered to have org 
nated on the late 1020's with the mathematirenan, J. Von 
Nevimann. who was the first to show that all games could 
be expressed in the form: of a matrix, that is, a diagram or 
grid, in whieh one set of taetors arraved vertically, 
another set, homzontally, and values assigned or computed 


foreach intersection. For example: 


st 
It Mars ew Not Ka 
(art Lies Neat Coot Wet lies Coot Wet 
dey Not Cart (set Wet Net Wet 
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Ihoonly one of the four possible values is there a possibility 
unfaverable result, which may explam why few 
people carry umbrellas. But this is only part of the prob 
lem, for now the relative wemhting of each variable must 
le considered what it costs to own and earry an um 
brella, and what costs get wet. When mathematical 
Values are assigned to each of the variables, we might get 


this, for example: 


Should / farru an 


artalbsle 


lt Rain 
\ mathematician will tell you that this fygures 


out? at 25 to 2, with a game value of SO.554, namely, out 


of every 27 times, on 25 of them | should carry an um 
bretla, ame of Plo, will be SO.554) better off each tine I 
am right. Now, such a conclusion is really very surprising, 
and it would appear that the world should teem with 
umbrella toters. One reason it does not, ims that we have not 
taken Into account the chances of it raining while am 
outside. If the weather map is such that the chances of 
ram are | te and my expectation of bemg ps 
to then the odds against bemg caught outside m the 


rom are | te OO. and the matrix would be: 


bor whe wonder where the value come from the follow 
mg may <uflee cost of $5.00 umbereiia, leet after 10 
times $050. cont of carrving an umbrella when tt does 
net rom the above $9.50 plus S10 checking charge, cost of 
wetting pressed $1) 25 

These interested in pursuing the mathematics further are 
referred to “The Compleat Strategyet™ by Williatne (Me 
(iraw Phill ompany for an elementary tut vent 
explanation of how this done Those wishing more complete 
mathematircal are referred to to the 
Theory of Games’ bv J (Me€iraw Hill Beck 
Company (1962), which hae «a quite complete tiblography for 


theme ter go her 
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I Ca pan 


Va 
Mai 
Kau 
qi ‘ 


Thee time the diagram states unequivocably that I 
should wever carry an umbrella. for whether it rams or mot 


mV loss less af | do not bave the umbrella. Simee this 


more nearly the average situation im real lite, few people 


cary tunbrellas in average weather 

In bret, all of the foregompg is a simple applieation of 
theory to what is known asa 7 game, there bemy 
Choices two Variable. there were three Variables 
the game would be culled 27 4 4, and so on, te 24 0. In 
practice. business decisions have only two choices, 
are more than two, or variable factors. [tse 
that the 24 game lends itself toa very simple graphic 
solution! Where there are three or more 
chomees, no eusy solution available without resorting to 
more involved mathematies, or perhaps to lengthy 
process of tral and error, OQeenssonally this may be neces 
sary” business itis a rare problem that cannot: be 
tow ys or ne choice, nid henee a 

There are, of course, marginal cases where the answer 
may not always appear to be the sinple yes or no de 
butt could perhaps be a ges handled ia different 
Should the unprofitable store be contimued open or should 
tobe closed? There is another possibility might be 
burned down for the msuranee, and with the new working 
capital thereby gamed, recopened, that is, continued 
perhaps, but nonetheless a possible chomwe. The 
renal always be clense black on white, 
lor sometimes a grey Wasest However, 


there are more than two possible choimwes, they ean be 


considered sequentially, but be to 
that the game ob a variety than 20 

\ssume the ian where a natronal headquarters 
office should be located. Should beim New York City, 
Chicngo, Boston? The chores. are three, and the mensus 
ghle varinbles can be many travel costs to plants, state 
meome taxes, rent, clerical personnel availability, 


of the explained later 
Phe procedure explained tater under the caption An 
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more compleated rules of there were five candi 
date aor n diagram would ber best. Care ps HeCessary 
to assure that the problem is not really one of linear pro- 
yramming the best distribution, for example, of a known 
lunited resource to satisfy a known limited demand. Such 
problenm do tet belong lo theory, Which is only 
concerned with the of questions what os the effeet of this 
or-that happens 

A large field of managenal decisions to which no mathe 
matieal procedure is appleable is that of human relations. 
Defoute numencal values cannot be assigned to the im 
tangibles of whether or not Jones will make a good sales 
manager, of whether or not to let the Union have that 
seniority clause. Here the manager wm left to his well 
seratehed erystal ball. But the fact that game theory does 
not give an answer to everything need not discourage its 
use where appleable 

There are mmumerable business problems of the 2 4 1 


type, of which the following are representative: 


Should a New Plant Be Boalt lo Serve a Certain Market’ 


There are a number of often confleting variables: the 
fleet upon present plant overhead through decreased vol 
une the saving in fremght the reduction or mecrense 
mventones, labor or material costs the cost of 
newly borrowed funds. While itis not difficult to compute 
the net gain or loss for a given set oof conditions, many 
contingencies must be faced: Tf the sales volume does not 
inerease, as hoped? freght rates rise? a competitor 
also builds a plant in that aren? 

A sinular problem is whether two plants should be com 
bined, or one plant divided into two 


Should a Certain Product te Discontinued or Added’ 


\mong others, the variables may be: the effeets on com 
peting lines, on manufacturing overhead, on sales of 
nearly simular Company products. diffiealt) te 
assign exaet quantities, the values certamly will range 
Within relatively narrow finite limits. Computations can be 
made to show what will happen under various possibilities 

\ corollary problem would be the raising or lowernyg of 
the selling pree of one item or line 


Should a fompany ln Purchased / 


Here the variables are many mdeed, for frequent un 
hnowns enter any calculation based upon an assumed 
static set of conditions. The proper and sate procedure ts 
tosetupa game theory diagram, and determine the worst 
that could happen: the loss of sales, the carrving of an idle 
plant, the necessity for mereased overhead 

\ related problem is whether or not a subsidiary com 
panv or plant should be sold 

of the foregomg are essentially ges or no probleme, 
and the deemion, onee made, i all too frequently irre 
vocable. But whereas the number of chotees ims only 2, the 


number of variables trulv effeet on sales, on 
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presents a complex of Variables, each with its own 
te weighting, each with ots own mifluence, each 
contributing its little but stall mot 
mute, to the pret Which mitst somehow be cooked a 
decision by the manager. A practical appleation of game 
theory can bring order out of this muxture, and array thie 
lacts se that an obvious, but otherwise hidden, solution 


wall Visthble 


The Procedure 


Before the basic principles of game theory can be ap 
plied, the problem: must be clearly defined in termes of its 
Variables, reducing each variable to one plam, self-con 
tained question. For example, iia t}-ounee size of a certam 
proaduet is discontinued, what will be the effeet upon each 
ob: ON) sales of the retamed S-ounee size? OB) sales of the 
retamed G-eounee sizes sales of competitors 
“izes? and tactorvy overhead? to name only several 
net eorreet procedure to try to consider simulta 
even these few factors 

The proper method is use of the technique of pure re 
seareh, Whieh holds all but one of the variables constant, 
then determines the effeet of uations conver, 
oonly one. variable under study at the moment. A 
complex problem will become at least to some degree 
tor the limits of the mdividual variable are 
assuredly known, and usually clear. In the example 44 
ounee size problem, the worst that can happen mm variable 
os thet will get all the prev iotis 
stiles; the best that can happen om that they wall get mone 
them. Onee the and minimum are known, a 
little theaght wall quickly lead to a logieal, 
at some position between the limits. The 
here mide os that an endent and wolated analyse 
eceurs, disregarding, for example, what might happen te 
thee sales 

Variable on turn os studied in its own separate, 
distinet and the potentidl gam or loss under the 
Stnethy set oot conditions established 
Values tiust bein terms of comparable units, the 
toast A few variables be found feos 
Which te monetary or arnthmetienl value can be 
are few and where encountered tiust be 
left tor later consideration, at whieh tome it may be found 
that they are and can be mnored 

Wherever appleable, odds can becapphed betore de 
termining the froal ant value of the varmble. In the um 
the of caught outside im the 
ro were oO) That os, the penalty of an untortunate 
chore only of the amount mdieated, tor the 
occurrence wall base only onee am filty times. The 
entered on the ciagram ts properly computed at 
this traction of the otherwise effective value 

\iter each variable situation has been madependently 
eValuated. all variables are lined up side by side, as in the 


example, with still only two ehotees, but) with 
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many additional variables extending to the ryght. 
where game theory really begins to apply, and -henee the 
of restmeting the number of choimes to two, oF 
aut most three, so as te permit a simple mathematiest! 

The final step in pure game theory deter ation ol 
the controlling varimbles, or correct 
odds and game value for the speeitied set of erreumeatances 
The coneluston will be that “the odds are thus-and-se on 
faver of (against) making thus-and-so much profit’. Thos 
Is it noteworthy answer itself, and one whieh 
perplexed manager might well be ghid to learn. Even 
though bis final decision might be based upon some Crela 
tively rare) mmtangible not) suseeptible of definition om 
monetary terms, vet this answer would at least have elim 
nated all other varables, after comsidermg them all 
sHnultaneously, each weyghted in proper proportion, and 
yiving oone answer the composite result. With this 
answer the customary mathematical aspects of game 
theory would terminate, but practical application ts 
merely about to start 

In business, human nature and our economie system 
bemg What they are, managers are usually seekong the mice 
favorable results. In game terminology, this would be a 
saddle-point ( a pure strategy or sure-tire chowe) and high 
yame Value; or, if this then the most favor 
able odds, and again «a high game value. Where there is neo 
sure chomwe, game theory terminology calls the answer a 
mired strategy. Nature bemg what om, the mutial com 
putations frequently, even usually, are 
and show enther or both unfavorable or tog low odds, and 
low gume Value. The ivestment of an 
creased sales foree is hardly worthwhile i the chances 
are only 2 out of 7 that S5,000 can thereby be gamed. The 
first computation, whieh was the final step on game theory, 
is only a sert of opening 

The variables must be mmepeeted one by one, alter an 
Unfavorable answer, to see whieh are respomuble tor the 
unwanted results. When found, each such variable must be 
searched, onee to see contames within itself 
some element which alone cated the discouraging results 
That tnerease in the sales foree hall the unfavorable 
expense merense Was fora Caltornima what if ne 
branch were opened, but the terrntory merely traveled? 
new look with a jatmdeed eve may pin-pomt the part of 
the program whieh is eausing the bad odds or the low 
yume Value out with at! Phe part be saertieed to 
retain at leust part of the ments of the whole. Conversely 
in some expense may tip the balanee tavorabls 

\iter the search, the molation of the cause, the re-evala 
of Variables, cones the COOPER ol 
and game value, or lucky, the of the one sure, 
correet chowe. and results are still not favorable 
enough, then the process must be repeated, and i neces 
sary, repeated again. Finally, the time will come when all 
possible changes have been exhausted, and the computed 


results must be accepted TH tavorable enough, manage 
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ment’s chore sunple proceed with the plan. not 
favorable, the plan must be abandoned, and lucky the 
anager Whe otherwise might have proceeded on pure 
hunches, A complex problem, with its seemingly mfinite 
variations, bas been reduced to simple odds for a given 
stake, usking the manager only whether the game, at such 
odds, ow worth the gamble. The manager then can hazard 
the risk on the knowledge that, i wrong this tume, in the 

tis uaportant that the manager know the principles of 
yane theory and that he help in defining and setting up the 
problem, but itis not essential that he make the computa 
tions In the case of games of J and higher 
order the average executive has neither the mathematical 
inclination nor time to work out the solution. Just as the 
computation of values for each variable and choice is lett 
to engineers and saecountants, so the solution of the 
diagram, once set up, best left to these assistants or to the 
There no objection to the manager 
figuring the answer but it om really a task for the 
technioan, not the executive. If the latter works through 
a example, he will have sufficient knowledge to 
exercise top-level judgment, 


An bkaample 


\n example will be helpful in showing how the procedure 
may be employed im a practical applieation. While the 
variables will differ according to the nature of the problem, 
the procedure always will be the same. 

The example is based upon a problem which vexed a 
long established Connectiout manufacturer, John South & 
Sons Company. South, among a vanety of other household 
produces ia kerosene cook stove, ol simple 
design, and a meat chopper, both of which are popular in 
Amencan countmes among low-meome families 
Among these markets, Puerto Rico ws not the least m 
moportance. There is, of course, competition from several 
other Amencean manufacturers, and oan increasingly 
strong threat of kerosene cook stove 
from West Germany. There is no foregn threat to the 
meat chopper line. There a on imports into the 
Cited States and Puerto Rico of cook stoves, and Smith 
is somewhat hopeful that a quota may be inposed on 

Snuth has heard a lot about how various mamland 
manutacturers have recently set up plants in Puerto Rice, 
and thinks that perhaps they should build a plant there to 
supply at lewst that local market with both the stove and 
meat chopper; production m Conneeticut would be cor 
respondingly decreased. Calculations show that a plant of 
practical size could sell its output locally, and that a 
million would net the company 
annually.® Henee the wen seems quite attractive, especially 
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since the company has idle funds of this amount now on 
vested in Government bonds which return only $20,000 
per year. The base of the computations as to expected net 
meome is that the Connecticut buildings made idle can 
be sold, and that present conditions as to competition, 
dustry and tariffs will remam unchanged. 

But Smith now is faced with the problem: of finding, im 
dollars per year return on investment, whether or not the 
return os sufficient to warrant the risks of the venture i 
certain changes do occur. South must undertake what 
amounts to solving a senes of simultaneous equations to 
find one final figure. The variables are these: 

upon present Connectieut plant i the vacated 
space is not sold as expected. 

2. upon a Puerto Rico plant if the industry-wide 
volume of kerosene cook stoves decreases. There is some 
iidieation that this product may be losing its popularity, 
beng replaced by other types of stoves Which 
does not make nor intend to make. 

4. kifeet upon South Puerto Riean sales of these and 
other South products if a plant is built there. 

upon Smuth’s Puerto Riean sales Smuth 
does not build a plant there, but a competitor does 

5. upon a Puerto Rican plant, if established, i 
of cook stoves from Europe should continue to 

While there are other imtangible factors, South teel- 
that the foregoing are the important points, and that the 
problems of personnel, local management, ete., can be 
coped with. Smuth already has had experience in starting 
Latin-Amencan plants and is aware of the mtangible 
problems, which they consider minor. 

In termes of game theory, the problem is a 22 6 matrix 
The 2 reprexents the choiwe of Build or Not Build, sine 
there is no other possible choiwe. The @ represents the 
above five variables, plus the original expected condition. 
The matrix, or diagram, has as its initial variable column 
the data representing the assumed, or expected conditions 
on Which the orginal profitalulity. computations were 


artabele 
bit tent 
| ne 
Not Boald 


The 20 for the Not Baild choice represents the return 
that otherwise would accrue trom present funds i net 
invested in the new plant 

(Game theory employs the independent analysis of each 
varmble, unrelated to the others at this stage, so each 
pomnt os considered in turn. We need not be concerned with 


all chagrams< are shown in terms of thousands of 


dollar per yveur 
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the computations, whieh are merely handled by customary 
and engineering analysis procedures, and will 


tidieate only the answers: 


kifect of Not Selling Plant 


li the cook stove and meat chopper volume were re 
moved trom the Conneetrut plant, remaining products 
ust absorb anv residual fixed overhead, and this bas 

“dy been taken into aecount in the $140,000) profit 
above computed. But, while the vacated plant space, an 
Isolated Tnolding, probably can be sold, the property is net 
especially desirable and South moght find that he is unable 
tosell. South then would be required to maintain, insure, 
and otherwise carry the property mdetinitely. This would 
cost SO2.000 annually, so that mot sold, the net annual 
profit would be only The situation as to this 


Va 
perty Net 
bef 


of Industry Lyecline 


It the volume Kerosene cook stoves should 
chen reuse’, ly the ol betas 
moanew Puerto Riean plant would in time, of necessity, 
be curtailed. A reasonable assumption is that within the 
nest decade this might be as much as whieh ease 
thre overhend there to an 
estimated S25.000. thereby reducmg the eXxpeeted profit 
toe COO) The diagram as to this situation then: 


V 


Net Beale 


While Stoth now does a substantial volume im both 
herosene cook stoves and tent choppers itt Puerta 
that a local plant would have a benefieml effeet upon 
Sith sales by diverting a substantial part of competitors’ 
Volume to South. Also, the detiund om the especially 


lor meat choppers, is growing, and a loeal plant is much 


tional profit ean be secured if the Puerto Rico plant ts mot 
built, so that the Not Burld decision would lose this prerterns 
tial profit of $24,000, less bond income, or a net loss of 
$4,000. Another diagram thus ean be drawn: 


artalele 
sles 
rome 
ltt 
Not 


kiffect Lf Competitor Builds 


South does not build a Puerto Riean plant, but a 
Competitor dloes, then the reverse effeet of the lorewome 
can be expected. By the same logie as before, Smith would 
lose the profit whieh it now makes on the volume whieh 
would be lost te \ probable loss of 
including unabsorbed fixed overhead at the Conneetreut 
Is computed at less the bond or 
net loss of SIG.O00. The efleet of both South and a com 
petitor Is practiee the first 
butkder will exelude all others. This 


thus: 
Vu 
¢ ‘ 
ith 
Not ir 


The biggest unknown the entire preture ts 
West Germany t making a drive to reenter its Lorne 
Latin-Amenecan markets, and is a serious threat to 
producers of kerosene cook stoves, even tot of ment 
choppers. imports should succeed im getting SO on 
more of the cook stove market, as there m= a real chance 
they might, the effeet upon the new Puerto Hieo plant 
would be nearly disastrous. imports did increase to this 
serious extent, the Puerto operation, mestead of 
showing profit, could be expected to show a 
loss. Sinee best judgment that the 
probabnlity of a quota berg tnposed to restriet 
below the of market level are at best to 3, this loss 
statistically is diagramed at three times as much, of 
S15 000): 


more kelly te larger share of the merease than a 

remote tiamlind plant. burlds, its highly unlikely 
that a competitor will dose alse. The estimates show that 

cote S20 0000) of porestits expected within a 

lew Veurs, or that the profits would be of 

ST the other hand. not likely that this ade: Nat 
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WOT 


BICO SALES INCREASE 


InN TEREEC TION OF LOWEST 
BOUNDING LINES INDICATES 
CONTROLLING VARIANL ES 

+ 


Peas. (araphie Solution of 2. N Game to bind Controlling 
Variables 


The luctors have comsidered inde 


pendently, and the next step is to combine then: 


arialbole 

Marked 


The matrix ts now complete, and the next step is te 
compute the odds. There is a sunple method tor domg thos 
m games. birst, the diagram is scanned for a saddl 


pout oa Value whieh is the row, and the 
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maxim its column.” there were one, this would 
show the dominant variable and choiwe. The best possible 
chowe would be that for the row mm which the saddle pou 
lay bor, this would be the least protit that could be made 
under any cireumstance. The only question then would be 
the decision as to whether thos protit Wits 
enough. Since there is no such easy answer in this case, we 
proceed to solve graphically, as in bkigure Tn this figure, 
lor each variable n the proper Values are mndicated on the 
Build or Not Build vertical line, and a line drawn between 
the ‘The highest the lowest bounding lines 
uidientes the governing variables. All others can be dis 
carded. The odds and game value are computed on these 


two variables only Competitor Builds, and Imports In 


Not It) 


The method of computation consists of merely sub 


tracting the nght-hand fyzure from the left: 


Not Build 


Disregard the sign, reverse the fyzures, and the odds are 


as lollows: 


Not ISO 


That os, out of every 221 chances, ony 36 times should 
Smith build, or, the odds are 36 to TSO agaimeat building 
suceesstully, The game value is computed by applying 
these odds to either (as a cheek, the answer 


be the same for each): 


South has only 36 chances out of 221 of bemg sure of 
making at least SY.000 per vear out of a SEO muallon on 
vestment the plant is built) quite a different story trom 
the return under the expeeted conditions. Should 
the project be abandoned? Not at all. This is only the first 
trial run. 

The next step is to mspect the diagram, to find the 
reasons underlying the unhappy results. at) onee 
poleann that the only losses in the Nol Build row are caused 


"Strictly speaking, «a saddle point ww that value which the 
largest «of the any row sed at the 
tome is the smallest of the in any column (minima, 

‘Those mathematreally will at onee recognize this a- 
berg merely the plotting of the equations 
arte whieh represents the chionce coed 
the Not Build chonee and the poy off for this varioble The range 


of ¢ of course. trom Otte 
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by the taslure to have a of anv on Puerto Rieo. 
That os, a there keep omit conn 
pretiter, lorestalling diversion of sales te 
tho have a benetieiml effeet on the sales of all Smith prod 
nets. Tt is alse evident that the only loss mm the Build row 
arises Pret the threat of kerosene cook stoves 

The solution is clear have a plant in Puerto Rico, but 
ley minke stoves there. amily choppers. 
Sroith then turts round of POULT at along pre 
coding lines, to determine the teasitulitv of having a 
stuatler Puerto Rican plant mantlacturing meat choppers 
only. This is found te be possible from an operating: pout 
o view, with a smaller mvestment of S7T5I0.000 and a 
000 porentit tinder expected comditions. The 


resulting diagram those vartibles exelusively con 


cerned with Kerosene 


5 
\ 

In 

Not lo lo é 


Sinee, for every variable the Bald row well excess 
of the Not Build row, the choice ms obvious, and simee the 
Value in this row, S75,000, represents a LOS, 
return on investment, South will build the plant. The 
decision is made with confidence, for it was based on trie 
business judgment, assisted by logie and 


and not dependent solely on hunehes 


Measures of the fficieney of Acceptance 
Sampling Plans 


By Tee Hiett, Jr. 


School of Industrial Engineering, Georgia lnatitate of Technology 
and 
Don S. Holmes* 
of Quality Control, Gene ral fom pany, Schenectady 


The overall effectiveness of a sampling plan is completely 
desenbed by the operating characterstie (OC) curve. The 
difference in effectiveness of two sampling plans can be 
obtamed by a Visual comparison of ther OC curves. Some 
other measures of effectiveness are Average Sample Num 
ber, Total Average Tospeetion, and Average Outgomg 
(1 
sampling plan to discriminate between good and bad lots, 


None ot these characterize the alulitv of the 


Which we will refer to hereafter as the effiereney of: the 
sapling plan 

We have divided the effiereney of sampling plans imte 
groups, Producer's and Consumer's beth 
ereney. Producer's is somewhat similar to the 
complement of the fanuhar term Producer's Risk except 
the efficreney is no longer restreted to the single per cent 
defective ob submitted lots denoted as the Acceptable 
Quality Level (AQL 


of the te submutted lots whieh be ae 


This eflieney denotes the ability 


* beormerly Leeturer, of 


of 
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cepted, mm other words, those lots per cent leleetive 
can be any value from zero through AQL. [It ean be noted 
that the AQL as used in this article is not a per cent de 
fective at which 05°C of the submitted lots will be accepted 
but any quality level selected by management. Consumer's 
eflicieney is the ability of the plan to rejeet submitted 
lots in which the per cent defective ms any value from AQL 
through 

In this article tables are presented which give the Pro- 
ducer’s and Consumer's for sampling 
plans im terms of the acceptable quality level CAQL), 
sample size and the acceptance number These 
tables enable us to determine the change im efliereney re 
sulting from a change mm any of these parameters of a 


sampling, plan. 


Definition of Kilicieney 

All submitted lots whose traction defeetive tm less than 
or equal to the AQ should be accepted and all submutted 
lots Whose defective om greater than the 
should be reyeeted. The abulity of a sampling plan te pet 
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form this correct action can be determined from the OC 
eurve 

There exists only a countable number of points of the 
QC curve. The number of these points and the corre 
spomding ordinate values depend on the size of the tnspec- 
tion tot. [i the lot contamms N items, there exists only No + | 
pomtson the OC curve. The abscissa can then be expressed 
mn terts of the number of defective items (m) in the lot, 
where m ranges from zero through N (big. 1). For each 
discrete m there is a corresponding probability of accept 
anee Which can be determined in terms of the hypergeso 
metoe distobution. Inia perfect sampling plan each of the 
probabilities of acceptance would be equal to one where m 
is less than or equal to NV CAQL) and equal to zero where 
mis greater than N CAQL). This is not, however, realizable 
under samplig conditions 

The Producer's Cop) of a sampling plan (a 
measure of the ability of the sampling plan to accept lot. 
Which should be aecepted) is defined as the ratio of the 
sum of the probabulities ob acceptance which correspond 
to the chiserete values of m where m ranges from zero 
through AQ LL), tothe sum of the corresponding 
lnhitves of acceptance which would be possible if the 
were ‘| bitin: 


Where (") F 
17 


as the largest mtewral value for m whieh 
less than or equalte CAQL) 

ris the number of defective items in the sample 

The Consumer's (he) of a sampling plan (a 

measure of the alulity of the sampling plan to reject lots 

Which should be reyeeted) is defined as the ratvo of the sum 

ol the probabulities of report ron Which correspond to the 

discrete values of m where m ranges from VOAQL) 1 

thragh to the sum of the corresponding probabilities 

af reyection Which would be possible if the sampling: plan 
were pertect. Thus: 


Where: 4 Los the sniatlest integral value form which 
greater than VCAQL) 


Method of Caleulation-~ 


\ssuming an infinite lot size, the number of 
through which the OO curve ow drawn mecrenases and the 
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1. 00 P 
( 
Probability | 
| | | 
Acceptance }) 
| \ 
| | 


Number of Defective Items in Submitted Lots 


big 1 OC Curve Showing Finite Point- 


(4° curve is approximated by a continuous distribution 
Letting mp wv and using the Poisson distribution as an 
approximation to the hypergeometric distribution, it 


possible to restate equations |. and 2. as follows: 


‘ 
bop 


1 — 


burther simplification produced: 


— | 
(| AQL) 

‘4° 

— 


Where the values for the stumtnation terms can be obtamed 
from: tables (2). 

The graphs ineluded in this paper were drawn trom 
calculated in this 


of Use 


|. ‘To determine the Producer's Effereney and Con 

sumer’s of an existing sampling plan: 

Qn the figure corresponding to the given AQL, locate 
the sample size along the abscissa and move vertically 
to the line corresponding to the established acceptance 
number (¢). The -eflicrencey is read from the ordinate 
for both Producer's Efficreney and Consumer's Eth 
cveney (Straight-line interpolation may be necessary 

Given, AQL 


c 


See Pig. d and locate sample size of 200. Move vertically 
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Consumer's Efhereney of Sampling Plane with Acceptable Quality Level of 1 Per Cent 
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Pia 5 Producer's & Consumer's Efficiency of Sampling Plans with Acceptable Quality Level of 2.5 Per Cent 
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to solid line at ¢ = Gand read Consumer's Conclusions 
(408). Move vertically to dash line at c Gand read 


Producer's (4095). 

2. To determine change im efhierency resulting from 
change in AQL, ¢, or n. 

21 Given AQL or 6.5% and ¢ of S 

The lines corresponding to ¢ of & should be located 
on big. 7. The change in efficieney resulting from 
change in sample size can be determined. 

22 Gaven AQL of 6.55 and n of 300 

Locate the of 300 on abscissa of Figs 7. Efficiencies 
resulting from various ¢ numbers can be deter- 
mined by noting where the ¢ lines cross the na line. 
(straight-line interpolation may be used as neces- 
sary ) 

255 Caven nan of and ¢ of 32 

Begin with Fig. 2 and note the efficiencies corre- 
sponding to these points. Continue this process on 
the following Figs. as desired. 

3. An imteresting sample size is that one which, for a 
given AQL and given ¢, will produce a Producer's Efh- 
ciency which is equal to the Consumer's Efficiency. For 
aA, € 2 then n = 160 will give 


example, 
Ep = Ke = 98.5%. 
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The use of these tables permits analysis of the increase 
in efficiency of a sampling plan resulting from a change 
in acceptance number, acceptable quality level and sample 
size. This should prove more effective than drawing the 
OC curves and visually comparing these curves. 

It should be noted that the term Efficiency as defined im 
this paper is dependent upon all per cent defectives (from 
zero through one) being equally likely. While this some- 
what restricts the term of efficiency it In no way restricts 
the use of the efficiency values as a basis of comparison 
between sampling plans, for these values reflect the change 
in OC curve resulting from a change in a given parameter. 

This article should bring to mind several problems. One 
bemg: how efficent should a sampling plan be? Another 
could be: how should the efficiency be divided between 
producer and consumer? [t is evident that there should be 
more research along the lines of analysis of the economic 
factors involved in producing good and bad items as there 
is no Way to produce only good items. 
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An Industrial Engineer Looks at 
Production Designing 


By kadwin Whitehead 


fnedustrial Nordstrom al j well VManulacturing f 


The success of anv manulacturing enterprise will be 
determined to some extent by the cost of manutacture of 
its products \ecordingly, the design of the products te 
pany Costs is part of the problem of the 
design of the enterprise as a whole. The problem is of a 
twofold character. Furst, it must be determined what eon 
ditions will permut low cost produetion and second, what 
lentures of design will permit) these conditions to be 
realized. Avatlible processes and machinery 
mist be taken tito geceount on determining lentures of 
design Whieh wall permit low cost One of the 
conditions Whieh permits low cost os that 
results the test raped turnever of working 
capital. TPheretore, those features of product design which 
coptribute te reduemg the trae of torming or Process 
the products are tiost desirable in providing tor the econ 
Lhe products of manutacture vars 
grentivo oon them methods of 
Hieullv in each ense, with respect to 
ecomomy ob on many taetors. Tn the 
cose of mache products, itis found, general, 
economy of depends upon the tine of set up 
ofthe parts in the machine and the time taken to perform 


the operation. Phese tine factors are by: 


‘| beer of of tolerances tea de the 
2 The matertal hardness, and general 


pole 


The use of standardized one 


peart 


The use of umber of of from whieh 


the entire line of is 


these features have to be comsidered im producing 
drawings Whieh are the expression of the design; theretore 
such drawings must be prepared with the greatest care 
The design of every form of product should be caretully 
checked with regard to the above poms, and the design 
is selected, beenuse changes design Trequenthy stggest 


changes tuethods of processing and the machmery to be 
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used. The limits of dimension to whieh parts trtist 
machined often determines the type of machimery to be 
used in manufacturing. are very narrow, with 
the dimensions to be held to plus or minus three ten 
thousnmedths, the part is te be round, a certain type of 
grinder is required, whereas the are not se close, 
certam types of lathes may be used. As limits of 
become closer, the cost of manuhweture merenses Dhe rate 
of production will alse be controlled by the design speerh 
cations, particularly by the of dimension, whieh 
bee bow the of jigs sted 
Whieh can be used accordingly. The number and types of 


these features of baave been 


PURPOSE OF PRODLOCTION DESIGNING 


The production design tiust be sueh that all 
equipment that will be avathible. Tere we 
have two ole: comeditions te consider. burst, is te 
be prxduced in a new plant tor whieh 
equipment is te be provided as required there are few, a 
any, restrietions placed on the chore ob the processes to 
be employed i production. Seeandly, the mew 
is te be an plant, the chore of 
process to be emploved is linited to a great extent bey the 
capacity of the existing equipment 
lrolled largely tay the production methods to cm ployed 
This requires that the produetron designing be deme on 
close cocoperation with the and procuetion cde 
When the selection of tanulacturmg 
is berg made. Otten, a change size or shape of 
some part of the product tiakes posuble a material saving 


ith the comt of producto 


SIMPLICITY OF DESIGN 

\ primary object of the production design should be te 
the construction of the tos 
as possible. Simplicity is always a source of ecomomy. 
Ing processes used to of ts an 


test ol line 
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No design or process can be considered as finished until 
omerts the test of and effectiveness. Another 
Hoportant function of the production design is to so ar 
range the mechanmmn that it requires a high order of accu 
racy on as tew surfaces as possible. Critical study will show 
that. almost every mechanism, there are a tew 
and essential surfaces and interrelations, but that) the 
yrenl of them are relatively tn this 
reaper! The essential part of a wateh is its eseapement 
mechanmmn. this be good, the wateh will be accurate, 
hut the escapement is only a small part of the wateh. Fur 
thermore, in the exseapement itself, there are some rela 
ively ununportant details. The remainder of the mech 
anism Ol a wateh i usually a train of gears with a spring 
to drive them. The character of the requirements ol this 
larger part of the mechanism ts not nearly as severe as 
those for the eseapement. Thus the manulacturing design 
should always strive to keep the need of severe require 


(CLEARANCES AND TOLERANCES 


\nother amportant funetion of the production design 
Which ts closely alled to the preceding one is the develop 
ment ola design that can lberal tolerances. Clear 
anees should be one of the principal considerations in 
developing production design. This should to allow 
the prenutest possible “mount of clearance between com 
pantion parts. Phe more the design lends itself to this end, 
the greater variation of tolerances that can be pernutted, 
and henee the greater coonomy of production, also, the 
greater degree of interchangealality of parts that can be 
secured. Clearances are vital factors mo inter-changeabulity, 
bot the latter cannot be mamtamed without proper clear 
anees. Tt -self-evident that a certain space must be left 
between operatmg parts. The clearances should 
he us stuall as the assembling of the parts and ther proper 
operation under service conditions will allow. The maxi 
mum clearances should be as great as the functronmg of 
the will permit. livery operating part of a 
mechanism must be loented within reasonably close toler 
anees in each plane. After such requirements of location 
are met, all other surfaces should have liberal clearances 
\n consideration ith establishing the 
requirements ohany commodity should be to deter 
mine and define the essential requirements first, let 
the non-essentials take eare of themselves later. 
cconamy in manufacture requires duc care and 
where necessary, but that all unnecessary refinements 
ln omitted. The essential requirements need, and should, 
receive the greatest attention. This, however, is seldom 
done. surfaces on all parts are often considered 
of equal tnportance The results of such practice are 
the essential donot receive the attention they 
While the non-cessentials recenve more than they require, 
thous resulting the dine product ata 
higher cost than a superior product would cost with the 


cliviston co 
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UNIT ASSEMIBLY 


Another object of the production design should be to 
arrange the mechanism so that as many units as possible 
ean be made independently. Almost every mechanism can 
be subdivided into smaller units which are distinet in their 
every purpose. For example, a refrigerator contains a 
motor, compressor, freezer compartment, coils, ete., which 
are first assembled and tested as units, and later assembled 
into the completed refrigerator. In like manner, an electrie 
hand droll os suladivided into the chuck, transmission, 
motor, housing, and switch, ete. Both the assembling and 
final testing of the completed products are greatly tact. 
tated af the design permits such unit construction, and 
efforts should be made to obtain this result) whenever 
possible. There are many other advantages of the unit as- 
sembly construction. Not only the various manulacturmng 
departments of one factory, but also entire plants are 
specializing more and more. Where such unit assembly Is 
of equal value on several articles, separate plants are 
created to produce them as specialities. This, turn, 
makes possthle quantity production, where otherwise ut might 
nol exist. Another object of the production design should 
be to standardize the sizes and shapes of as many machine 
surfaces as possible, and reduce ther vanety to a mun 
mum. Phos practice has a very direct influence on the 


ol produet 


SELECTION OF MATERIAL 


The materials selected for each of the parts to be pro 
duced have an important tfluence on the cost of produc 
tron. Phe use of welded units or sheet metal stampings in 
place of sand castings and of molded plasties for metal 
machine parts lrequently results in not only a reduction 
of maternal cost but also om lowenng machiming and 
costs 

I cannot emphasize too strongly the use, where possible, 
of the free machming steels. An extensive effort should be 
made to obtain unmtormityv of heat treatment of products 
tobe machmed, together with the annealing of the tougher 
metals to ensure unimterrupted production flow. sur 
prisingly large number of companies who purchase their 
custings from oan outside source dupheate the service 
rendered by the foundry by machining and performing full 
tests on test bars drawn trom different metal heats. An 
expensive and uneconomical process. The services and 
uses to Whieh the parts are to be subjected should be 
Clearly determined, and the material 
Which will serve the purpose should be specified. Not only 
should the cost of the material itself be considered but 


niso the cost of fabricating it 


DESIGN BALANCE 


Oliver Wendell his poem 
or The Wondertul One Shay’, sets 
forth a principal of baluneed design. Dt wall be remenibered 
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that all parts of this vehicle were so well proportioned with 
reference to each other (all were equally strong) that when 
it broke it broke all over, thot om all pieces, 
that appeared as if it had been to the mill and ground. 
“Tt went to pieces all at once and nothing first, just as 
bubbles do when thev burst.” Products designed for 
balance in stre nagth, perlormance, and we ar, are rally of 
marimum utility at a minimum cost. an “army rifle os 
designed with very close limits of dimension of the parts 
of the barrel and firing mechanism, the inerease in cost 
occustoned by to close limits of dimension of 
these parts is lost i the sighting attachments are designed 
to rougher limits. So that the accuracy and performance 
of the rifle as a whole is not satisfactory. 

\ press designed to drill 4 diameter holes through 
steel plate need not have a column, spindle beariige its- 
embly, transmission, motor, ete., safer and stronger than 
he load requires. [fa bus engine will last for 70,000 miles 


and the chassis is worn out after 50,000 miles of use, the 
design of the bus is not well balanced. A shoe designed se 
that the heel wears out very rapidly while the sole ts many 
times more durable is not a well balanced design. A jet 
aireraft with weak hydraulic pumps may be forced to land, 
or even be destroved, vet the design in all other respects 
may be good. Products out of proportion with respect to 
relative utility or reliability of their parts are not econom 

ically designed, and hence are not competitive with prod 

ucts of better design with respeet to balance. Products of 
unbalanced design constitute hazards to the business, and 
while they may not cause its failure, they may reduce 
profits. Accordingly, one of the ways in which an eco- 
nomical balance in design can be assured is by checking 
each part exhaustively before the design is approved to see 
that none are unnecessarily heavy or are out of proportion 
to other parts with respeet to performance, wear, strength, 


and other qualities. 


Preparing for Paperwork Automation 


By Ben S. Graham 


Methods Research, Standard Keqiate: fompani 


Preparing for Paperwork Automation sounds like a 
harmless but rather routine and perhaps technical process 

Hut, how we approach it our profits of 
te 100%) or continue to further stifle progress with: the 
growing burden of paperwork 

What do we mean by Paperwork by Automation? 


Paperwork Is? 


Paperwork, as defined by many groups T have worked 


with, is the recording, storming, analysis and reporting. of 
information, sometimes tacts, tor only one real reason, to 
help someone cdo bios job better. Thus is true whether it ts 
tolet the jamtor know when to clean an area, what maternal 
and equipment to use or whether itis to have the mfornia 
trom for the board of director five vears from now to help 
them deeide whether to add new products, merease produc 
tive capaeity, expand sales foree or territory or what net 

The recording may be by pene, machine, holes tape 


oro eurds or sees may be on papery 
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by holes or magnetically. Analysis may be manually on a 
multicolumn sheet, by machme or eleetromently. 
mately, information has te be presented the prope 


form for people to use 


Automation Means? 


Automation means different things to different people 
Some clam that the automatic machmung of the autome 
bile engine block is not automation becuse when an opern 
thon gets out of limits, the whole machine stops and waits 
for the people to correct the error, Tt does not melude feed 
back control which corrects the error and permits eoutin 
Hous operation. Automotive engineer labeled the process 
“automation when it was developed. There are varying 
degrees of mechanization from the machine assists to 
nan, to the highly automatic processes found in the petro 
of chemical odustres imeorporating many self 
correcting abulities 

Regardless of the degree of mechanmzation or sell control 
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om. automation mvolves automatic production bey 


machines of a product that i worth producing. The last 


a product that worth producing” is the key 


Paperwork Problems 


bor years too many offices people have purchased nia 
chines to solve ther probletius paperwork have 
soon the tremendous progress made in production through 
mechanization. But they have often mot recognized the 
tudy that preeeded the development of machines to do a 
necessary production job 

The result has been too much mechanization tow the 
ob mechanization without first the needs 

There are plenty of problems which seem to justify thos 
Today many seetrons of ous mouniry are 
laced with «a shortage of clerical personnel Clerical employ 
ment bas merensed from one clerk to produc 
lion workers to one clerk to three production workers in 
the last half century. Last year non productive paperwork 
costs equalled 20°) of our national product or SO billion 
dollars. Value of product) per production worker has 
roughly doubled while the value of product) per clerical 
worker has remained the same 

(on the face of at, all of these would seem: to pomt to the 
need for more mechanization in the paperwork funetion 
particularly when we observe the results in production 

let's take another look 

bhere is a company oo Which the production workers 
produce S37 500 of product per worker per This 
exactly three tunes as much as the other companies then 
dustry nverTage thiat enuch clertenl ens 
plover the paperwork for of prod 
net oa about emht times as much as ther competitors 
people. Natronally the average is about S47 000 of 


product per clerk and has been the same for many vears 


bliminate Waste 


li we willapply the test Ca product that is worth produc 
on af help someone clo hips job Cone that m worth 
domg) better” to our paperwork, Tam convinced we wall 
that about hallo or what om costing FO dollars, 
Will tot up 

This waste vanes from paperwork that no good te 
anyone to the svstemes that cost more than the value de 
nved. In recent years, have persuaded a number of com 
tev all temp level reports tor eritvedts 
bey Invariably this discloses 
duplieate or obsolete reports comprising from LO ta of 
the total. Reports years ago fora one time tise have 
heen perpetuated. Almost invariably dupheate 
thon, svstems and reports are discovered bemg mamtamed 
mondependent, autonomous divistons or funetions of the 
motat all lor officers to mot ree 
aynize reports that have been prepared exclusively for them 
lor Vveurs 

Such an examination by management, when followed by 
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action, produces prompt and substantial savings, but ot 
only seratehes the surface. A tremendous by-product is the 
effect on the employees. While obvious waste is tolerated 
at the top, there is little meentive for workers to save or 


even be concerned about domg a day's work. 


Stimulate Interest 


\etually there is far more satisfaction in doing a good 
day's work than there is in soldrering, if the work is appre 
emted. When top management climinates waste, workers 
will believe their cooperation is really wanted, 

However, itis still pretty difficult for the credit clerks, 
checking customers’ orders to see the eredit) is good, 
when 00° of the orders rome from Sears Roebuck, Mont 
yomery Ward and Western Auto. Any clerk Knows he 
would be fired for rejecting one of those orders. Yet man 
agement in that company complamned about the burden of 
paperwork, how government regulations increased the load 
and how hard it was to get competent clerks. Why should 
any one ol those credit clerks be concerned about any thing 
except ther pay cheek when management assigned them 
tow job that was waste. 

Hlow many of the journals, records and reports at miter 
mediate and lower levels are defensive records maintamed 


to prove that the job was done? 


Production for Profit 


ln preparing for paperwork automation, we must get 
back to fundamentals. birst we must impress many of the 
highly techmeal specialists we have developed that im our 
ecomomy business is operated not as a proving ground for 
techniques, but to make a profit Profit is the only fenannedan 
thon for maternal security which we all would like, and 
profit only comes from production that is useful to someone 
amd can be sold. bach mdividual has a responsibility te 
produce, to help make a profit, to assure his own security 
and preserve hos freedom. When we fail to accept and dis 


charge responsibility, we pay for it by freedom 


New Concept 


We must take a new look at our controls. Paperwork 
controls root Paperwork will information te 
people to help them control material t 
hitthe control over other not much over 
even themselves uit comtrols property comeenved eon be 
youls imeentives that people will strive to achieve 

C‘ontrols should warn of dlisuster so that we 
con avord the loss rather than tell us how badly our costs, 
quality, sales, ete., fared last month 

In cost control, for example, when we plan and schedule 
pon, we determine the labor, mache and material 
cost. HT we meet schedule and have no overtime, our costs 
will be within The signal that trouble ahead a 
cessive machine downtime mav be the cause. The request 
for over-time os the signal to find out why and correct i 


Infore the damage is done not after 
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Such an approach to all our control funetions can 
tate tremendous Volumes of detail paperwork that) is 
serving ne real purpose 

Recently it lnrwe mvestigated the cost of col 
lecting shippig charges had paid on materials 
recenved trom: Vendors when the purchase was made on the 
basis of prepaid charges. They found they had collected 
two thousand dollars on the previetis buat af 
had cost them two million dollars to colleet it. Too much 
control Wiestitg SlO tor every dollar saved 

To automate a reprort the president doesn't recoguize 
beentise bis secretary has been it for years; to auto- 
the cheeking credit orders Pres seurs 
to utitomate the tremendous volume of detail distribution 
nn the usual approach to most controls or to pay SIO to 
collect Sl, automatically or otherwise, wall compound the 
felony and perpetinite the waste 

bifleetive automation ean only come when we examine 
and determune our needs, 

brequently to automate means to standardize; molded 
plastic chairs can be manulactured automatically. Prefab- 
rieeated house manulacture ow highly mechanized. But 
plastic chairs and prefab houses don’t sat everyone and 
every sittiation 

Your sittation merits its own solution, not regmmenta- 

borst, study your paperwork fo rid of the waste, both 
<vstemes and due to lack of interest of the people. 

Second, determine your equipment or hardware needs 
and speciy them, 

Third, economue then the hardware. 


Doing It the Hard (Expensive) Way 

Recently the controller of a large COMPANY related this 

The president ol the had visited one of them 
large and research tostallations. While 


there, he was shown ther research computer, [Tt might as 


@ HOW FOREMEN 
CAN CONTROL COSTS 


@ TIMESTUDY FUNDA. 
MENTALS FOR 


\n expert on the subjeet, Phil Carroll, shows you 
exactly how to take on cost control problems and 


well have been a baler room with the gauges, lights, bells 
and whistles. When the president returned home he ordered 
a computer for the head othice, 

Talking with the eontroller, the president asked of the 
controller had a computer. The answer was no, but a study 
was bemg made to see aul there was a need. The eomtrotler 
asked the president what was to be done with the computer 
already ordered. This led to the of top level 
te study the “Vastetis Trot 
ter ened 

ln the past, separate svstetis operated 
the accounting, sales and divisvons, but 
they could not cross Now, tow the 
time, the tremendous dupheations are bemg examined ane 
corrected 

Two millon dollars, the cost of the computer, will be a 
bargain for that company oat never operates. Proper 
SVSTCTILS study make ot the 
ment they ever made with a return of one thousand per 
cent, twenty million dollars of waste eliminated 

lf that is the only way to break down barriers in a com 
pany, penetrate the empires, get md of the sacred cows, 
then | am all for it, but it ms too bad that we must follow 


that process so often, 


The Sound Way 


In preparing for paperwork automation, We first 
yet the water out of our systems, eliminate the waste, ane 
in domg it make savings equal to or even in excess of our 
annual profits. The next step is te determine our needs for 
equipment. Finally, if the equipment im avaiable and ean 
ber justified by further savings, ot 

Whether vou dou today or not, within the next lor 15 
vears every business must @limnate all the waste poseable, 
stimulate ther employees to full productivity and metal 
all the practical! we enn des eclop to the 


rate of growth of ous ated standard of living 


/ 


Uncover HIDDEN PROFITS in your plantor shop with the— 
5-volume McGraw-Hill 
PRACTICAL COST CONTROL LIBRARY 
By PHIL CARROLL, 1372 pages, 460 illustrations, only $19.50 


Timestudy techniques and applications 


FOREMEN From the of timestudy, thin Library leads 
sorve them at leve the ant oF ore vert step bey step through the standard setting proc 
@ TIMESTUDY FOR men, supervisors, engineers, timestudy men all can g.cow Complete, practical explanations cover the 


use these speenhe facts, data, and methods to get on 


COST CONTROL 


top of cost problems in quick order 


Starting right at the front-line supervisory level, 


entire timestudy proceedure how and where to start, 
building standard data, applying standards, ane 


HOW TO CONTROL this lubrary proiites cut the foreman's respotmibalities maintaining a complete mneentive installation 


PRODUCTION COSTS 


@ HOW TO CHART 
TIMESTUDY DATA 
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for costs gives scores of helpful suggestions on such 
tvymreal foreman cost problems as changing setups, 
traning new men, handling rush orders, eliminating 
saiting time, serap, and so on 


A full explanation of the total conversion 
method of control gives you tested means of 
prolit and plugging cost leads 


Order your Librory from: JOURNAL OF INDUSTRIAL ENGINEERING 
A. French Building, 225 North Ave., N.W., Atianta 10, Georgia 
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Recent and forthcoming books 


for Industrial Engineers . . . 


WORK SAMPLING 


By RALPH M. BARNES, University of California,. Los 
Angeles. Describes a simple, economical method of measuring 
working time and non-working time of men and machines 
Although random sampling-has been used in industry for 
over twenty-five years, work sainplyng for establishing time 
standards for manual tasks ts a more recent development. Its 
use 1s expanding ata rapid rate, and people engaged in many 
diverse activitics are finding this,method: of analysis and 
measurcment of real valuc. Designed for the beginner as well 
as for the trained industrial engineer, this book presents the 
fundamentals of the subject, tells pust how to make a work 
sampling study » Rives detatled results of research, and shows 
many cxamples of actual applications 

The carly portion of the book serves as a general intro 
duction. Topics discussed include the history of work samp 


ifs fundamental statistical concepts, af discussion of 


control charts, some practical suggestions for determining 
sample size, and demonstrations of how sampling works 
Mr. Barnes also shows how to use random number tables, 
the procedures involved in making a work sampling study, 
and how to determine time standards by work sampling 
The sectron devoted to actual cases treats such studics as 
tool room machine utilization, work sampling of the super- 
visor’s job, a sampling technique for determining the per- 
centage of a sugar cane field to be replanted, work sampling 
of personnel in a hospital, and incentives for an indirect 
labor-warchouse handling group. Other cases involve the 
determination of indirect labor allowances tor trucking and 
set-up by performance sampling, work sampling and wait 
ing-line theory for demand-type labor allowances, and 
further examples of work sampling methods in action. In 


Press 


DIGITAL COMPUTER PROGRAMMING 


By 1) 1. McCRACKEN, General Llectric Co. This readable 
new book accomplishes two important tasks for users and 
potential users of automatic digital Computers. On the onc 
hand, at discusses the practical aspects involved in actually 
working with these machines. Carctully avoiding technical 
jargon, Mr. McCracken clears up many of the points that 
are Cope tally troublesome to newcomers to automatic com 
puting. Sccondly, the book gives a lucid picture of the 


fundamentals upon which this fast-growing ficld 19 built 
By coming to grips now with the basic elements, the reader 
can develop a sound understanding of current and future 
developments in the ficld. A key feature of the presentation 
is the mythical computer called TYDAC, devised by the 
author to illustrate principles and techniques of operation 
It combines clements from all models currently on the 
market. 1957. 344 pages 50 


MANUFACTURING PROCESSES, Fourth Edition 


By MYRON L. BEGEMAN, University of Texas. Every 
chapter has been rewrittey for the fourth edition of this 
comprehensive treatment. Less descriptive than previous 
editions, the book now places greater stress on basic prin- 
ciples. Also, many new topics are covered, including clectro- 
forming, metal coating processes, clectro-spark machining, 


ultrasoni machining, chem-milling, and automation. Ad 
vantages and disadvantages of the various processes avatl- 
able today are discussed in lucid fashion. There are 166 new 
iustrations, 8g of which are line diagrams. sgs7. 672 pages 
$8.00 


Send today for examination Coptes 


160 YEARS 


or 440 Fourth Avenue 
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Kngineering—America’ss Most 
Critical Resouree’ 


By J. MacBrayne 


see /’ exteclent Southeastern Me ian. 47 


Sone people call our time the age of chemustry, some the 
age of the atom, some the age of ghiss, the age of petro 
chemicals, or the age of vou name it. Put them all together 
and vou have the age of engimeernmg. All vou have to do ts 
look about vou at our new cars, our communientions, at 
our new home applianees, at our weapons of defense, at 
the complicated mechaunieal brains whieh ean do our 
thinking for us better than we can, and we find that 
whether we hke it or not, we are completely dedieated 
to this age of engineering 

Lewis L. Strauss, Chairman of the United States 
Commusston, said that of there is to be another war 
niong nations of the world before the human race dis 
eovers a method of abolishing recourse to combat, that 
Wwaromay be survived by the country with the greatest 
stockpile of nuclear weapons and instruments of their 
delivery. But such a war will almost certainly be lost) by 
the country with the fewest resources in tramed man 
power 

Recently President) Eisenhower sad, “In this age of 
aecelerated technological progress, our needs for engineers 
the security and te promote the 
national wellare is continually expandig. This tact gives 
rise te one of the mayor problems Ameren the 
problem of an adequate flow of qualitied 
voung people inte our engineering colleges” At the present 
time We are turmiog out less than one hall the number of 
screntists and engineers that we require, Our economy 
requires trom to newly tramed engineers 
each vear, and we are getting only 25.000. Tn enghit 
college students came aeross the graduation plattorm to 
axecept diplomas before one engineer came. By next June 
wall bee of this only 65 percent 
of call Whe have yriacluated ure netunally engaged 
in the profession. Only about per cent of 
the high school graduates entermg college cach vear enroll 
in courses. This amounts to about 66,000 
Cntortunately, more than one hall of these 
voung hopefuls flank out along the way or switeh to other 
courses, Most deans of schools explam that 


this problem i based on poor high school preparation i 


one 
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screnee and mathematies. mstitutions cannot supply 
the seventists ane engineers they need af 
come to them with genuine ambatron to be serentists canned 
engineers and are not properly prepared in high seheool for 
such careers. 

Unfortunately, the decisions that produce our skilled 
screntists and techmienns are made tor the most part well 
before the madividual arrives on the college campus. Many 
high school students im the country have ne opportunity 
to discover whether scence and engineer appeal to 
them because preparatory courses are not avatlable or are 
frequently taught by anstructors whose interests or tram 
ig ties in other subjeets. Some 250,000 to 100,000) high 
school students in our country presently are beng tontagghit 
mathematics by teachers not tramed to teach it. A reeent 
study at Purdue University shows that the mnpresstons of 
more than 15,000 teenagers with respect to serenee and 
emgneering is amazing if else. This survey, tor 
example, indicated that forty-five per cent beheve ther 
school background is tog poor to permit them to 
as a career, Unfortunately, this ts probably se 
‘Thirty-five per cent beheve that it is necessary to be a 
venus to become a good seentist. Thirty per cent beheve 
that one cannot a normal famuly or enjoy lite and be a 
<centist at the same time. Twenty-five per cent think 
scientists as a group are more than a little bat “odd” 
Fourteen per cent think there is something “evil” abut 
sclentists, and that you cannot be a serentist and be honest 

June, teachers’ colleges and other pre 
ducing. teachers in the matron graduated less that 250 
teachers of physies for our secondary schools, and one ball 
of these were attracted by government and tdustry away 
from: teaching. At the present rates of education, we wall 
train only one half the number of serence teachers we will 
need to stay where we are during the next tive veurs 
We have a shortage of serence teachers first, as a result of 
ther bemg attracted to more renmunerative fields, and 
secondly, as a result of imadequate emphasis and statis 
make a headway in educating nore teachers of seremee and 
the teaching ol schenee thier 
ing must do more than they have done so tar te help te 
enemirage more of them students te wer thites 
tenching. ML. among other engineering schools, 
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taking steps to encourage teachers of scvence. Jouthy with 
the Harvard Graduate School of Education, it has estab. 
lished «a five-year program designed to prepare students of 
“sence and engineering for teaching in secondary schools. 
It has provided special scholarships for students to enter 
this course 

sehools, of the courses which every 
student must take, JO per cent are in scence and mathe 
matics Ivan goes to school <ix days a week; and by the 
hone he completes high school, he has completed six years of 
lnology, four vears of chenmustry, and four years of mathe 
matics ineluding togonometry. This sounds little 
lrightenmy, doesn’t it, but this is our competition. Half 
of our high schools do not teach chemistry. Two genera 
agoun one an every five studied physies, and 
londay itis one out of every 22. More than half of all stu 
dents back those days studied algebra, and mow os 
only one fourth. The study of chenustry bas tallen off 40 
percent. Last June produced 55,000 new engineers 
compared 23000. The tact that the screncees have 
an overriding pronmty Russian education. More than 
one hall of the university graduates are in the sernee or 
mathematics field. Those of vou who wateh television 
may have seen the story about and the 
they are on serence tn ther lor existence 

These, then, are the tuets to be done about 
them? There is no group more aware of the problem of the 
engmecnng shortage than and in many cases 
dustry has been guilty of using engineers where engineers 
were not absolutely needed and in attracting engineers 
~wentists trom our schools and colleges Some tdustrial 
mre yrenater tise technicians and 
non graduates to do that part of the work for 
merly bemg dome by engineers where the highest skills 
were not bemg used. Many companies are assigning grad 
ol arts schools to mdustrial problems formerly 
handled by engineers. The are generally de 
veloped trom the ranks of emplovees and are people with 
mechanment aptitude who can be tramed to do some of the 
bawe fundamentals of engimeerng. Typical of this develop 
ment is the program recently worked out between Cron 
bay (Corporation Armstrong (College 
under which Armstrong gives the potential technics the 
courses Which Hots set up to teach and Union Bag-Camp 
engineers teach the specmlized courses necessary to round 
out the program. These courses lend to Assecimte in 
Science Degrees and not only help the development of 
our people buat provide skills so desperately needed. Many 
companies are providing scholarships for tethers of 
subjects incorder to upgrade the teacher's 
eeney and many companies are employing teachers of 
curing the summer in order to make up the differ 
ence between ther teaching pay and the pay they might 
command om Tam sure that you wall see stuch 
programs continued and enlarged. David Sarnofl, Chair 
man otthe Radio Corporation of America, has proposed the 


establishment of a national educational reserve comprising 
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qualified teachers in mathematics, physies, chemistry, and 
engineering to be drawn from the technological ranks of 
industry. 

The Federal Government must also do something about 
this problem. The session of the Soth Congress now in 
season may be one of the most significant in years for the 
engineering profession. OF the more than 2,000 bills that 
have been mtroduced, a very substantial number deal with 
directly or affect the engineering profession, and mereasing 
the supply of engineers and screntists. One of these bills 
would provide for loans to enable needy scholastically 
qualified students to continue post high school education. 
All too frequently the youngster of exceptional mtellectual 
ability os the underprivileged youngster our schools 
Que third of the top 2 per cent of the graduates from our 
high schools are not gomg to college while some of them 
are not motivated, some of them do not have the means 

The professional someties are, of course, very much 
aware of this problem and have been trving to make it 
known to people in general through programs like thos 
More specifically in the Savannah area, the combined 
professional socetios spearheaded by the American In 
stitute of Tndustrial are making plans to offer 
the talents these societies to the school system ans 
wav that they may be of value in stimulating the young 
sters’ interest and knowledge in these inportant fields 

Qur schools are all too aware of this great) problem, 
probably more so than else. As know, one ol 
the great problems is the lack of funds. With our rapadls 
growing population, itis practically tmnpossible to Keep our 
heads above water, let alone improve the facilities any 
one aren of education. [tis very gratifving to see that Arn 
strong College is planning the expansion of its serenee 
facilities and these are certamly badly needed in the 
community. Needless to say, TP hope that all of vou and 
your companies Will be able to help in some way this fine 
TH OUT 

Now we come to you and me as entizens and puiretits 
What can we do about all this? In the first place, take an 
interest in education. Support) your school svstem and 
attend the meetings of ACh, the Aetive Citizens tor 
Committee, 

When voungsters come to vou tor advice about college 
as Pam sure they will make sure that they get all the 
facts from: a qualified source, including what they need in 
the wav for preparation in engineering or tn any other 
career, While | do not expect that you will try to make an 
engineer of every youngster who comes along, | do hope 
that vou will tell them of the importance to the mation of 
the work that engimeers do, to mesure them that thev are 
poorly paid offers a career of 
great personal satisfaction. Take an interest in vour 
dren's work at school: them to de work 
The kids sav math is a hard subjyeet. In order to quality 
lor an engineering It is necessary to piss with ered 
all the math courses ordinarnihy given tn our high schools 


Some physies or chemistry are also required. Now tans 
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schools today do not make a boy do anything he thinks ts 
toohard. Itis true that some people have a bent for rit he- 
matics and scence and some have mot, but there are neo 
corses in tathematics or serenee given m high se 
Which a voungster of normal LQ) cannot handle. Therefore, 
f vou have normally intelligent children im high school, 
leet drop rath Sore tenehers the trouble 
arises in the grammar school, beenuse of thev have not 
lenrned the anthmetie the yroce thev wall have 
trouble with algebra and geometry aned so wateh that too 
We fhave heard a lot about why can’t read, but i 
Johony ean't add and Johnov not a bloek head, there ps 
wrong and dad should fined what os 
fin at. Ne high school student loses by 

be a clergvinan, jourtialist, merchant or aetor or chooses 
anv other time wall bee wasted. 
unless he does excel these courses, he will never be a 
youd doctor, engineer, or anv other scientist. The future 
is restricted by his lack of essential preparation. Couard 
your voung friends and children so that when they are 
yraduated from hugh school, ther chomwe of a career ts 
If they deende mot to study engimeermg, let if 
heenuse they prefer something else and not because they 
can't get into an engineertg school, This apples to girls 
us Well as bovs for there are equally rewarding opportum 


ties in serenee and engineering 


INDUSTRIAL ENGINEERS 
and 
METHODS ENGINEERS 


Nlatntenanee at San Av 
port offers excellent opportunities for men, age 


INDUSTRIAL ENGINEERS 


Ib. degree, with expernence in methods, standards, time 
study. plant laveout. produetoon planning and of 
cooperating 


METHODS ENGINEERS 


Mb or bol. degrees with expernenee in one or tore 
ol the following fields of Ledustrial, Proces- 
versthed appleation of exeept for 
engineered =f 
Salaries based on and expenence  bLxcellent 
San branemee Peninsula location. conmvensent for erty, sul 
urban or countey living Comprehensive emplovee benefit 


related te government con 
tract« ies nt te wile 


staff amd positrons Ate transportation furnished 
from United city nearest Cour home. but moving 


porated 
Ne neal fee V it he Super: eof nel 


UNITED 
AIR LINES 


Base 
C 
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How to attain 

NEW PROFITS 
through 

better maintenance 


JUST OUT! 
MAINTENANCE 


ENGINEERING 
HANDBOOK 


tlhustrated 


kd by LC. MORROW Chairman. 


Nat'l. Plant Maine. Engineering Conterence 
Scores of experts give you, in this professtonal , 
all the workable ideas, methods, and techniques vou need 
tor better plant maintenance tor lower production costs, 
higher profits, and improved product quality organi 
vation and admunistration of mamtenance forces te sanita 
tron, welding, and corrosion control, you have a detatled 
picture cf plant matnicnance Pro edures that produce 


and how to gain 

TOP EFFICIENCY 
in men, machines 
and methods 


INDUSTRIAL 

ENGINEERING 

HANDBOOK 
bal if. B. MAYNARD, President, 


Methods Counce: 


Kactual and how-to-do-it in approach, this book provides 
el storehouse of dependable Information on every 
aspect of mdustrial engineering: maternal handling, pob 
evaluation, work measurement, wage payments, plant 
facihtes and design, time and motron studies, automation, 
linear programming to name but a tew Brings vou the 


combined experience of 1 industrial engineering experts 


MAIL THIS COUPON TODAY 


Journal of Industrial Engineering 
2245 North Ave., N.W. Atlanta, Ga. 
Send me the book(s) checked below. 


Kemittance lesed 
j harue account 
VMOKKOW—Maintenance Engineering Handbook, 


820 
MAY NAKIMIndustrial Engineering Handbook, 


Address 

ity 
Position 


Company 
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The Internal Consulting Functions of the 
Industrial kingineer 


By Wilson J. Bentleys 


of Indaustival Kngineesing and Management. VW College, Stillwater, 


would like tor Dudustrial to be thought of as 
professional whe help managers 
This presupposes a growth on the idividual’s outlook 
that ol “practitioner of time study”, for tostanecee, to 
buman relations of 
wnted type of viewpomt. This growth may require an 
entirely “new fitting of shoes’ This viewpomt is one 
Which requires a concept of Cot 
conglomerate of techniques). [It results the 
Vidduab considermy the whole situation Gall of the 
lions) a crvetallization of the principal obyectives, then an 
gnalysr of what needs to be done; and finally, taking 


steps to see that done 


Management 


To think as TP have just suggested, one needs to decide 
upon some definition of management. As is true of most 
commonly used words the term “ management’ 
different things to different people. Some people think of 
tous bong that group of people who do belong to the 
Conon. Others think of it as a stall group of executives at 
the very peak of an organization. There are others whe 
think of the tern as representing some rather hazy group 
from Whieh all directions come. The word has taken on 
the representation oho a group contrast te 
this conception TP would like tor you to think of the term 
in nnether wav. Management is the activity of mammtlaiming 
the system of coordination of haman activitios Lnown as an 
Yon will mote that this definition cones 
primecpal nl t hast is human on 
poople” You don’t manage machines or things, but) vou 


Organization 


The plirmse, of coordimated activities” 
enn tore relerred to us an To 
suecesstul organization necessary to have 
an of the three that be 
present The three are: common purpost, 2. willingness 


Conterence at Miehman State University, September 
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poured inte the pot somewhat simultaneously. There can 
be people who are, at least potentially, “walling to serve” 
(or cooperate). There can exist a job whieh requires the 
cooperative efforts of people, vet without effective meats 
and methods of communication, the mygredients are useless 
The ingredients of “willingness to serve’ and “conmiunen 
purpose” will weer be brought together so that a product 
will result 

Let me name the three madividual mygredients of organ 
gation again common purpose, 2. willingiiess to serve, 


nnd 


Common Purpose 


obyeetive, orn product al COM 
thon, or a prospective result must be known and agreed 
upon by enough people to perform the necessary acts 
In other words, “just what kind of a pre you're gomg to 
make” has to be known before anyone will decide to 
operate. The product, or objective, must be one which ps 
acceptable to the people concerned 

The igredient bias many 
aspects toot. Ino the first place, it must oecur almost 
with the objective becoming known, On the 
part of each mdividual there will be a comparison of the 
meentives (or advantages to him) to cooperste here, 
someplace else, or not at all 

When thee OF obyeetive, 
known to those potential cooperutors threnagh the 
of additional communieatoon must take 
place in order to achieve coordination of the aets of these 
te the attammnent of then obyective 
Your to cook the hamburgers; your yob 
them to the and vour te Wish 


plates glasses 


Willingness to Serve 

The term one whiehois probably over 
used Various conversations. Dean 
amd Professor Gi. Thuesen of Oklahoma A. & 
College, who are outstanding thirkers this field, think of 
coordination as the contritating of personal lo an 
organization that are appropriate as to time, place, and 
manner so as lo the acts of others in the achicroment 


ol an ond 
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(Cooperation (or willingness to serve) is the forerunner 
of coordination. But no matter how willing people may be 
to coordinate their acts, willingness alone will not achieve 
the end which they are seeking. The acts of one person in 
relation to another must be hitting as to time, place, kine 


Preeeding these coordimative actions of a 
the coordinative communications) is the activity which we 
commonly cull planning ‘Thus Is really the preparation 
lor managing. When a tian is planning, he is forecasting. 
Ile ois visualizing the changes which he feels necessary to 
the obyeetive. Tle is visualizing the acts needed to 
accomplish the objective. Te ois visualizing the sequence 
me Whieh these aets must be performed, and he is forming 
ao “betore and alter’ mental of the job ter be jeer 
formed, and the results. The planner has to take mite 
consideration at all times that the ultimate goal organs 
gation is the net satistaction of everyone that has any 
thing todo with the organization. By “net satisfaction’ I 
mean that the benefits of the situation equal or outweigh 
the burdens. [Tt sound somewhat acadenuc to you at 
first thought, but P think that of vou will consider the fact 
that unless the emplovees are satistied with then product, 
with there qeentiyve, with ther conditions of work om 
P te thers contlel le someplace 
vou will have ne It the aetive rs then 
“elves do not reeerve some sense of satestactiron, then 
turnover ol may Se there 
be net satisfaction on the part of all eoneerved or the 
process breaks down 

lt the is to be the “professronal 
engineer helps manage’ he must have this 
cob hive comeept ol the aetivity of To tultill bos 
stall chutes with ane ess bie 


Industrial Kngineering Funetions 


just mentioned the tern “stall duties’. Most people 
will agree that the tunetron of the stall personnel ms to ard 
the Cline’ personnel on performing ther work. Then, 
practically all industrial tuinetions are stafl 

tumetrons are those whieh (study, mensure, 
nhalvze, ree furtiush ned the cl uate 
The only difference bemg that staff restreted 
line operators, while the other, any 
‘Then. truly. are comsulta 
tive throughout we don't neeessanly restriet 
ourselves te aiding “line personnel) 

Mut te eontorm with the more concept 
consultative services might be well to set aside the 
fairly widespread funetions performed by the Industrial 
Department and take a look at how the 


rial with hits ile eA perience, hits 
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knowledge of costs, his ability to get along with people 
and his engimeermg knowledge can and should be utthzed 

Pam in an ideal position to practice this type of aetiy 
ity teaching the techniques of methods tnprovemernt, 
motion and time study, tool engmeerng plant lavout, ete, 
and spending my spare time consulting, largely m= the 
helds of organization planning, executive development, job 
eValuation, general management and personnel problen- 
and methods study. try to limit the methods studies to 
areas Which have not been explored, or at leust, have had 
very little exploration done om them. An example of the 
latter is some work | did three vears age mm studying the 
down and rygong-up of portable oil the 
Southwest and in Canada. This was written up in a series 
of three articles in the Petroleum magazine 

What are the areas where the ral (whom 
I have desembed) could be used? In desenmbing my own 
netivities have mentioned some, but let's list a tew: Job 
evaluation, Operations Research, Management Develop 
ment, Data Processing, Planning Mayor or Minor Mewes of 
Physica! “Master Planning”, Problems bon 
compassing the Coordimation and Analysen of 
from Several Departments, Taman Relations, Manage 


ment Strategy, and Organizatoon Planning 


Wage and Salary Administration 


Let ous get more specie and consider several of these 
and how the could be utihzed. Take 
thee cof ned Salary The 
for it may rest with the Controtler Depart 
ment, Kamplovee Relations Departovent, bon 
yineering Department, the Departmental Manager or ne 
one. Let me cite a current example 

\ mayor company, stiecesstul wath the 
reputation of bemg a well-organized firm, up until a year 
age had a wage nied somewhat 
follows: Salary and operating budgets were tormulated and 
thee remehed the top three on 
the company. A period of time elapsed and then the real 
were “passed down the 
explanation or resemblance te the ones orginally stub 
mutted). These same three men would perodeally review 
this ts one of the top twenty onl the rated 
States, so this meant a lot of recomended salary changes, 
It that the salaries om the company were based 
om net sure what. The company’s salaried personnel 
turnever Was IS te 22°. some 

The lodustral a Cnatural’’ for comsulting on 
this problem. Tle is interested in reducing costs, and this 
turnever Was ing thie plenty col 
The Tndustrial is interested inp people getting 
pardon relation te the diffieulty of the pols and the 
The company was the 
respect too. The Industrial im tramed to “break 
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‘| 
ommunication 
| 


a job down into its component parts” and writing an 
operative desermption of the job. The first item of work in 
the technique of Job valuation is the writing of good 
consistent desernptions with a different slant from his 
operative descriptions, but the same analytical ability 
required stiggest that he not be asked to write all 
the deseriptions, but that he begiven the job of traming a 
committee ol operating people de Next, he ois 
natural’ for framing and advising the evaluation or 
pohey group. Here some ability with figures is needed, but 
yrenter ts the alulity to “look at the job 
not Whois on the job in other words, 
fo retain an obyective Viewpoml 

aecustomed to presenting facts with numbers and 
yraple This he does Gn Job bkvaluation) when the com 
pany = Wage practices are compared to other company’s. 
also accustomed to presenting alternative methods 
and solutions for the decision of a line executive. This he 
will do when the study has been completed and recom 
metdations formated 

Thus, by following this plan the wage earners, whose 
jobs have been studied, have had them evaluated, not by 
an but by the people who knew the 
jobs The Tndustral Engineer has been the 
teacher and consultant. He may help formulate the general 
salary poles, bemg the imdividual whe 
vistalizes the problems which may arse and methods to 
solve them. Again he’s acting as a consultant and, by se 
domg, the company ow using the Tndustrial lagineer’s 


natural and cultivated abulitives 


dyn rations Ne arch 


The lodustral Engineer with the management -as-a 
Whole concept i the logical person to participate in, or 
lend, an Operations Research analysis. Many firms may 
have problems which are receptive to the so-called Opera 
tions Research mixed-discipline-group-attack, but do not 
feel that a permanent group is necessary or economical 
The Todustrial Engineer can guide a selected group 
obtamimg problem solving methods, educate the personnel 
whe will use these methods and return to bis regular work. 
Thus, another area of internal consulting is developing. 


Personnel 


have townd that the Engineers do a good 
jyobol up” the abilities and personal requirements of 
personne! They have to work with the 
and Supervisors aetivities that exeremse their 
management They are ina good position to observe 
the management development requirements of these 
supervisory people. the Industrial attempts to 
maintain oan objective viewpomt oof the people with 
Whom he must work, he is a most valuable consultant as 
what to do to enhance the management ability of the 


personnel 
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Planning Plant Layout and Plant Moves 

f recently talked with a manager of a plant) whose 
machinery and equipment were moved from one building 
to another, some five blocks away. In my own expenence 
the Industrial Engineering Department would be called 
upon to lay out the floor plan in the new building Gn close 
cooperation with the “using” department heads). But this 
would have been the lint of our work. The manager 
asked his rial te plan the more he 
could start operating again as soon as possible. (They alse 
made anew layout of equipment). He stated that he over 
ruled the recommended moving procedure in one or two 
mstances and also the layout placement of machimery om 
one or two testanees, This manager 
highly successful move, exeept that he should not have 
changed the recommended procedures at all. Those changes 
he made were their only mistakes. Again, this was not a 
continuing job, but rather one that happens oecastonally 


Then use the best equipped tan as a consultant 


Planning 


lonee was chairman of what we called the “Master 
Planning Committee” fora plant. This committee, besides 
me, Was composed of the Chief) lingineer, the General 
Sales Manager, the Assistant Plant Supermtendent and 
the Controller, Our job was to dream into the future. We 
were supposed to have fantastic dreams as well as dreams 
based on educated guesses. This dreanung was to be about 
What the plant would be like 5, 15, and 25 years from now. 
Qur planning was to ielude entirely unconventional 
methods of operation. It was to melude methods, never 
tried before, of smoothing out seasonal fluctuations. kach 
one of the members of the committee had dreams about 
his specmilty in relation to the situation under current 
discussion. The Sales Manager, after consultations with his 
people, submitted bis ideas of “what, where and how 
much” an relation to the marketing situation 5, 15, and 
25 years from now. We then planned the changes and 
additions necessary to accomplish his forecast. 

\s the chairman and Industrial gathered the 
material, questioned it, analyzed it, and put it into words, 
drawings, and costs. Then whenever a proposed change was 
hemg considered, my report and TP were consulted to see 
just how the mmmediate proposal fitted in with our long 
range planning. Hlere, again, the Todustrial was 
bemg used project that required the committee to 
meet two hours per week and took probably another six 
hours of my time per week This was another consulting 


within the RATAN 


Iluman lations 


How many of vou have learned of a new poly that’s 
yong to be puto efleet by top management, and have 
suid, “Why in the world are they domg that now? The 
lea is okay, but this the wrong time’. Most Dndustrial 
engineers are in close tune to the morale and probable 


human reactions m the plant. You know that framing in 
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Inanagement is important (and mot talking about 
here \ Peousult with mestalled a stig 
vestion box plan about a vear and a half age. It was put 
the spuir-ol the-noment with cost sas 
beige its principal obyeetive. Them suggestion boxes were 
works of art, costing Slo the ree of 
thie were property out. The reviewing 
cotmmittee met regularly at but later post poned more 
than actually At anv rate, at the time 
that the president of the company asked me what should be 
with the polars, had been recenved dur 
mg the past O months. presented him with 
alternatives, the one bemg te the 
plan. Tle was convinced, and proceeded to compose a 
letter the abandonment. This action, as you 
probably have surmised, would onty have called attention 
to the tact that here was sonnet hing that the rank ane file 
did have that wes now heme taken from them. (The 
they mot used thos would be irrelevant 
i them mands). The timing was wrong, and the strategy 
was wrong. The Tndustrial agineer are well equipped to 
discern such situations and aid in ther solutions. thos 
particular ease the president was advised to put one man 
in charge of the program, rather than a committee, He was 
at, but was to receive stionis, get 
them evaluated by line personnel and make awards when 
justified. the plan revived itself, fine; of at continued to 
dhe, then management could not be accused of arbitrary 
OT 

It vou have the concept of management TP have outlined, 
vou are an excellent with whom to consult) on 
htiman reactions and management strategy. Top managers 
need someone to talk to, someone who can amd im the 
analysis of a problem and who has no “axe to grind” which 


would affeet this advice 


Basic objectives 

We talk a lot about the necessity of the young engineer, 
and particularly the Tndustral needing to 
have a “questionmg attitude’. This is just as true mn rela 
thon to obtaming more effective operations through man 
agement and organization us it is methods 
Hoprovement work. In any analytical study one of the 
first considerations must be, “What are we trymg to doz” 
This os related to the formerly mentioned organization 
mygredient purpose’. have been consulted 
about manv tianagement problems whieh have seemed to 
completely stump the very capable people in the company, 
and appeared tame to be very diffieah problems to solve 
Invariably, these managers, whe were formerly stumped 
aus te What should be done, began to solve them own 
probletus When encouraged to answer “What 
is the obyeetives”” of “What are we really trying to do im 
this particular Answerng that question is more 
diffieutlt than at sounds Cases) sinee we very 
seldom discipline our own selves to the pomt where we 
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Isn't this the question vou always ask when vou are 
intradueed to a new machine or process, or are changing 
the machme lavout, ete? The same principle apples te 
Inanagement and organization planning what are we 
trving te ler? Top use thos tren, the 
Engimeer, whe is so accustomed to askong thos 
question in his own work that he will use the same ap 
proach other 

\lter the obyeetive agreed other con 
siderations cum be taker up back te the three 
principal mgredients of an organization vou wall reeall 
that the whe stron. If 
there is anv one of these exsentials of organization whieh 
cause of effective or meflective operations more than any 
other, if ts col pen poor 
method effectively communicated will normally produc 
letter results than a qood method poorly communicated Deven 
Ways. Sonnet the comelition 
known cireetly and, other times, only by analysis does 
the real trouble appear 

Let me outhne «a danger pormt one company. The 
President has personally employed tour or tive top elven 
eal engineers mm the last four vears. These tellows were 
emploved on the basis that, as the company grows thes 
will be needed and will be at band. Tn the nveantime they 
are to conduct mvestyzations tor the Presnlent or work 
Wherever the plant manager assigns them. Now both the 
plant manager and these “super are headed 
for some Kind of difficulties due te awkward relat 
These situations seem to be quickly seen by an Ddust eral 
engineer of the type we are comsiderng here 

often there seems to be no relation to the difheaulty 
confronted im organization or operations to that 
of communrention. Let me by using another case 
history The Executive Comouttee of the Board ol 
Directors of a very small corporation came to me a lew 
vears ago and asked for help in straghtenmg out diffeulties 
in them production line. Thew operations melded alum 
num die-casting, production tmachmung, and assembling 
stnall submemable purips whieh were sold through: pobsbers 
Records showed that they were receiving approximately 
20°) of the product sold back the plant as mon 
operative within the guarantee perod The organization 
had from 25 to 75 people employed, according to the 
“as ol the year. Tt had been operating at a net loss of 
between SIS and per veur low thie 
vears. In facet, the preeeding vear the company had 
operated at a net loss of S25.0000 The lxeeutive Conmunit 
tee, themeachves, were quite sure that the difficulties lay on 
ether the design of the product or in sloppy methods of 
assembly, 

We toured the plant and several siggnifeant error om 
assembly methods could be observed. These could have 
heen without too much diffieulty and cost te 


the company. The superticml look at a company and the 
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application of a remedy bere and there is as dangerous a- 
the local treatment of a boil that may be only the outward 
maniiestation of a much greater organic disturbance. Like- 
wise, this situation it was felt that a closer examination 
was needed | asked the Committee for time to make 
further observations and then [ would come up with 
come recommendations for future study. They were 
desperate, | guess, and gave me complete freedom to 
study anything anywhere. About one week was spent in 
talking with various employees 

\ arin personnel were inferviewed on how they 
thought the company was organized and how it operated: 
What they recommended; what) were their principal 
yripes in relation to them own job: and what were their 
problem 

Numerous wteresting facts were uncovered, but) the 
most was the mformation given by charting the 
organization as the three top people at the plant saw if 
These three men saw and talked with each other several 
tines a day, every day and vet them conception of then 
Wits different 

of the management and its organization Cor 
system) the basi difficulty to 
light. No of localized “first aid” out im the plant 
would have cured the problem brought about by the m- 
understanding as to the respomibility and authority tor 
the various funetions of the business 

Written descriptions of areas of responsibility were made 
and explamed to each of the top supervisors and executives 

More detailed surveys and tmivestigations followed. The 
method of financing the company was found to be very 
shortsyghted. An analysis of costs, prices, and production 
capacity was made and a break-even chart: based on the 
major tem Gt also bemg the least profitable) was made 
The two year guarantee was cut toone year, nnd materials 
handling was moproved 

It was found that there was no tispection of totors 
before they were assembled in the sealed box. 
procedures were written, (Over 10° of motors were 
mopernble on receipt at the factory.) 

The real point is here is another area in which the 
lndustrial Engineer should befonsulted. There are a vers 
lew companies Which have departments of organization 
So this not the fumetion that requires person 
nel, bat rather one whichis very conducive to a consults 


Hive type of 


only touchy on the normal duties of the Dndustria! 
There must be a continuing effective program of methods 
study, work measurement and cost control bestablished 
Control Svstemes continue to give 
Valuable information for tactical day-to-day decisions. | 
want the to be given more non-routine 
problems to analyze. Todustrial increas 


mgly of more help te mianagenment on the strategie dees 
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(operations Research with its objective oft furnishing 
aid in decision-making is bemg significantly staffed by 

I had a boss onee that every time he was about to give 
me another unpleasant assignment would preface it with, 
“Now Wilson, this offers vou a big challenge’. The associa 
thon of that term became rather distasteful to me. 

I'm sure you have encountered this same phrase 
Challenge and response is a familiar pattern. Individual 
and social development are interpreted in these termes. A 
challenge is presented by the environment. To meet the 
challenger, the individual and his group must develop 

fndustrial Engineering is so challenged today. The 
accelerating changes in our environment demand 
that we develop in understanding and capacity, in at 
and method. 

want Industrial Engineers to be known as “those 
professional engineers who help managers manage’. We 
ust not and think only terms of tee 
lH vou can think in terms of the “whole: if vou ean think 
tianagement as “the activity of mamtammg the sVstenm 
at coordination of human activities known as an organize 
vou ean analyze an organizational situation on 
terms of its three ingredients: 1. common purpose, 2 
Willingness to serve, communication; and comsequently 
aid making decisions on top levels Gas well as apply the 
too), executives will seed, you mil te perborny 


these mternal consulting funetions have desertbed. 
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isan A-to-Z description of every principal type of machine 
tool, Fach section ts tollowed by a summary tn outline form 
which gives vou at one quick glance the basic tacts and 
data you need about some important prece of machine 
shop equipment. More than 200 clear photos and labeled 
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Cost Control through Timestudy 


By Phil Carroll’ 


Frank Colbreth sand, Management hangs 
pen the screnee of timestudy.” Yet, few of us would argue 
the yarden Variety of timestudy we see im 
even tamthy resembles a sernee. MIanv men lint then 
timestudy to a wateh ol 
evele. Some donot sub-divide the evefes thev observe mito 
them baste elements. Others direct all ther efforts toward 
“rate setting’ Apparently, they think that) the 
purpose of timestudy is to provide a way to pay people 
for more product ron 

think it is the best wav te mensure a far day's work 
With work standards and tneentives that are used properly, 
vou do get more production. You do 
Hesides, you de attain’ lower costs. Timestudy with in 
eentives is the only management “tool” LT know of that 
will help te brig about all three of these constructive 


results 


What Is Cost? 


But think there tore to timestudy. MIv way of 
looking att be made more clear we expressed the 
term: as the study oof tome. When we study time tore 
enarelully, we ean gam adeditronal benefits that are often 
more far reaching 

To attam the ends have let's comsider the 
study oof time as a sorting process. By tunmestudy, we 
should sort time and work done inte several parts. One 
represeits din tive: | he ot hers ure extru comts 

lho we have another specml division one 
that represents good, salable pueees. Salable preees are 
those our customers Produets that go out the door and 
outoare the only ones that enn earn overhend 

‘Thus. when we talk about cost control we should deeule 
first What we When we sav cost. The costs 
that trmestudy cun alleet are two Wee enll these 
direet labor and overhead. These two are mterrelated. [In 
thee themed ts te the direct labwr 

Phe first miterrelatoon want te dm thee was 


we determine the overhead per cent. To compute this pet 


Vert eel ‘| iti ‘| efepertat ial core ‘| itty tryed 


Peart | cone reverts © cone © reel © 
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Ve theast Mie | fee /’ wache vel vy 


cent we divide the se-entled overhenud bw the 
dhreet labor Thus, the trnmestudy man can alter the pet 
cent of overhend how be treme 
work clone bey t we enll bits is 
a in apparent cost when he changes or goes 
along with change work or time There 
the Where that trmestucdy bus chreet 
thp cost control 

Therefore, te gain cost conteol through tonestudy, we 
setting.” utelize trmestudy to set cp the 
nhout the better management of costs This calls tor a 
better le«lye of comts coed, thank, better cemt< 


Management 


Starting from that port, that the 
os the ome whe sets the 
pieces depending what be calls direct or productive 
lnhbor. Tle is the one whe sets the “rate. Alterwards, the 
necountant the cost he rivers Cen eon the 
set) the \re the comts 
correct? 

\Mlany costs are not worth the paper they are written on 
To me this seems tragic, comeern os that managers are 
every dav that begin with meorreet 

errors le 

Let's stort with that of ts 
te overlook. It was well stated vears age bw Tlenry 
Phe sand. Le with the record, 
the most complete analysis we con make of the working ol 
planet, cored the one that wall help tis quekly te 
base 

inte several grotpe. partis cireet. Another part 
A third portion om tone 

‘Tome aml work go on every day that de tot result) 
stlable These are added costs These exten 
costs should be separated trom the true direet labor be 


threes cles trent revpore helen] dene | bee 
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earn overhead no matter what the figures may imdicate. 
call these extras “Management errors.’ divide them 
inte three groups failure to plan, Jaiure to and 


lasure te follow up 


bauilure to Plan 


the common ilustration of “fainure to 
plan as wasting time. All of us recognize this one. We all 
talk about having the foreman “get the next job ready” 
there are other ples Waiting Here, 
weare those the timestudy tian or tins 

luke one example. In 162, To was looking at a group 
operation Where seven men performed several ions 
mosequence. Tnoeffect, they handed large preces trom one 
to the next. After awhile, | asked the tinestudy man how 
wet the standard time. [le pomited operation 
set the time on the bottleneck operation and 
multiply by seven.’ 

Many “rate setters” follow that practice. They bury 
the tune caused by unbalanced work louds their 

rates’. [nose they sav, in effect, that time 
is hireet labor, Also, they start a cham of events that puts 
the waiting time mventory and eventually the 


cost of snles 


Buried Waiting Time 

In this sequence, overhead is appled to the waiting 
Tomake an example, suppose you have of 
overhead. With this is a volume of 100,000 standard hours 
at production. From these, we compute an overhead rate 
per hour 

Next, assume you have two major products motors 
served pps In setting the standards for motors, SUP pose 
you have buried 5 per cent of this kind of waiting tine 
In those set for pump manufacture, there was ineluded 
20 per cont hidden waiting time. To carry on our example, 
suppose that mn the month of June you have 30,000 stand 
ard hours of motor and 70,000 standard hours of pump 
production. Tnerentally, Touse units (standard mianutes) 
moevervday practice rather than standard hours 

Regardless of terms, for the month of June, your ae 
countant would apply S4,900 of overhead to the 5 percent 
waiting time burned on the motor production standards 
To 70,000 standard hours of pump production that melide 
40 per cent waiting time, he would apply $42,000 of over 
head. The totaloverhead appled to waiting tine tor June 
would be Si6.500. This ts an average of S165 per hour tor 
the 100,000 standard hours turned out in June 


June 


To make this port more vivid, let us suppose that we 
have the same total production of LOO.000 hours in) the 
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month of July. But let us assume that our customers have 
changed their choiwe of demands. They order 70,000 hours 
Of motor production in July. Thus, to the.5 per cent buried 
Waiting time in this production, your accountant would 
apply of overhead. To the 30,000 hours of 
ordered in July that include 20 per cent waiting time, he 
would apply SIS,000 of overhead. The total applied to 
Waiting time for the month would be S28 500. The average 


would be S JS). 


Volume Measure 


Notice, our “volume” of production appears to be the 
same in both June and July. [s it? Here ts one mistake we 
make that misleads management. And, as vou can see, we 
distort costs two Wives hirst, we make if pear thicat 
our overhead rate is lower than ito is. Second, we cause 
overhead to be apphed meorrectly. 

We would contribute much more toward cost control by 
reporting the waiting time separately. should not) be 
buredin the so-called standard minutes or standard hours 
of production. Were this done, the reports for June would 
show 15.500 hours of waiting time. That would amount 
to over IS per cent of the actual production of 84,900 
stlable standard hours. Tell me, would your manager be 
content very long with a reported waiting time of DS per 

Now let's take the next step the effect on your over 
head rate. [you report waiting time, usually itis charged 
to overhead. Then, if for simplieity, we say your wage rate 
is SZ.00 per hour, the cost of the waiting time in this case 
would be S31,000 added to overhead. Thus, your total 
overhead becomes The overhead rate then 
S3.02 per standard hour 

\s a result, we would change the apparent costs of our 
products. For example, in the orginal costing, the ae 
countant would have charged S210,000 of overhead to the 
pumps. In reality, it should have been nearer S220,000 
an inerease of 45 per cent. Contrast those figures with the 
overheads to be charged to motors. Under the orginal 
ion, the accountant would have charged SOO,000 
of overhead to motors. More correctly, he should have 
charged about SEP2,000. That is an inerease of 24 per cent 

You might object to these rearrangements saving 
the overhead of waiting time should be applied to the 
products that eause it. That is correct. In the same way, 
<o should the other overhead costs averaged im the single 
rate used in this example. Tlowever, here Pim trying to 
show only that (a) we miss an opportunity to moprove 
cost control by burving waiting time im our standards 

\t the same time, (b) we cause the overhead CX PCrises 
such as Prost ST amd vice presidents to be 
pled in our product costing. As a result, we are a party to 
enusing errors in management decisions. These may be 
either direction. The manager may decide not to go after 
certam business because there does not appear to be any 
profit possibilities im selling the product question. In 


contrast, he may put on a drive to get more volume ot a 


Volume Vill, Number 4 


prem inet that ippeurs too lea minhker You thank 
ol clea thicet ente stem trom er 


Failure to Specify 


Now, let ome further emphasize the value of better 
cost control that some timestudy men step right over 
It lies in the extra costs that | under the term ‘task 
ire te You place where 
tien set Temporary rates” 

LC sually the condition that calls for the use of the term 

lemporary ois one requiring some extra work. Perhaps 
the tintertal ww toe long or teow short, too hard or toe sett. 
too thick or too thin. such we use the 
to that conditions are not as 
bee 

bor let's use some arithmetic to show what 
happens When we set “temporiury rates”. Suppose we have 
production of standard hours with an 
overhend of OI, plants would divide one by 
the other and arrive at an overhend rate of SO.00 an hour 

Newt Hnagine that we have studden rush of 
To meentive coverage, we rush out on 
thee floor set “Ten porary rates’. In total, we add 
10.000 hours. Seemingly, we now have a production of 
standard hours. It follows that by usual methods 
of computing, our overhead rate becomes S100 an hour 

Perhaps vour manager would be pleased. His overhead 
rate has dropped trom So.00 to per hour, Now ask 
vou, “Ts that faet or fietion?”” Aetually, the 10.000 added 
hours represent extra cost rather than extra production 
The salable produetion retnatins as stamdard hours. 

To reflect: what has actually taken place, we should 
have added the eost of the 1O.000) bowers to our overhend. 
\gain, let's use S200 per hour te keep the arithmetic 
Phen, our hours beeome SZO.000 added te 
make the total overhead S2Z0,000. Our new and more eor 


rect overhead rate becomes SOOO per standard hous 


Control Is Action 


The hours from clireet labor 
surely get the attention of most managers. So would the 
SZ0.000 added to overhead. The terease in overhead rate 
te certamly would. anv event. chanees are that 
Inanagement would take action to reduce the exeess cost 
eaused by the bad castings. Thus, timestudy would 
control 

Now let's bring out another twist of this same “tem 
porary rate’ fallacy as it apples to an everyday problem 
Most plants have “slow machines”. These are the machines 
that are older than the ones lenght yeurs 
Mut they have different rates pout (ommonty, we 
rates tor work done on the better 
chines. Usually, we set “temporary rates” for operations 


on the “slow 
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To make the point, let's look back to our previews arth 
the praduetion was run on the “slow Then, on 
the usual “rate setting” procedure, we would make i 
appear as though we got out 20 percent more procdiiet ron 
Using standard or previowsly computed overhead rates, 
our aeemntants would report over absorbed burden tor 
the period 

there is another mistake. Companies are charging 
a part of the higher depreciation of the mew mache te 
the work done on the slow machine. In contrast, | think of 
the extra hours caused by using the “slow 
as depreciation cost spent as labor Maybe it the 
cheaper of the two costs. We know. however. thet of we 
showed thus ~oparately, Weotgled 
soon fined out, Again, we have used te 


comet 


Failure to Follow Up 


te the ts beet col 
result of methods 

We are always finding better ways to turn out produc 
tion. We up” Whenever we think the ts 
large enenigh we brave better cn 
some operations than on others. Our better 
ber the trmestucdy stumdards we set on 
but not on others Perhaps we set standards cle 
but not m others. In some we may 
have production control in some departments but mot om 
others. Any of these differences may be tlustrated by the 
following arithmetic 

Let's suppose we have a plant with overhead of 
and labor cost of the 
aecountants would divide the overhead by the labor and 
arnve at a 200 per cent overhend rate 

To show the error [ want to portray, let's divide ou 
overhead and labor into two groupe. These mght be 
of two depart ments or iwe that have 


the two different degrees of “management tool” 


(iverhend + 
+ 


Por Cont Of 


Now we are ready to the tet heels 
used ano one of the departments or on one of the product» 
Let's add SELOO0 to the overhead for one. It was a profit 
able venture we re“huce the called pene 


by OQhur mow takes the form 


Overhend 


‘Por Cent 


What is our new overhead per cent 7 

You may stopp te tee cone 
umd say per cent. OOO comt 
departments, that is the rate that would be used. The rea 
vniis that all of the overhead is collected in ome pile ane 


all of the labor dollars oe another 


23) 


Methods Improvement 


If vou look more closely, vou will see that the overhead 
per cout tor the department or product methods not 
Changed the same ast was before. remains at 200 
cent. But the overhead per cent where the maprovements 
were made i now 370 per cent 

\« previously pomted out, to average is wrong. To dis 
regard these differences and use an average overhead pet 
cont will mecorrectly apply the costs of the muprovements 
to the operations that were not maproved. Here is another 
form: of the kind of time separation we can get through 

You may be able to see this more clearly oo you preter 
lo think on terms of “permanent™’ and “temporary” 
standards. The difference between these two methods of 
production is an extra cost. The extrais spent the foru 
ol labor because we think tots less costly in the aggregate 
than the cost to moprove the comdition. For mestanee, the 
change here may have been brought about by making 
tools for the larger quantity runs. The smaller runs are 
still miade by the old methods. The word old as used here 
mone way Coder the new circumstances, 
however, the money we mot spend lor better 
ment tools’ ne longer direct: labor When compared 
with the “new direct labor’) itis tool making cost spent 
moa production department as the cheaper way 

You may think of the new standards set with mnproved 
tooling as “permanent”. From that viewpomt, the stand 
ards that apply to the now “old method” may be thought 
“temporary” The difference is tool cost 
labor of This amount does not represent extra 


production. Tustead, higher cost 


brror of Averages 


We make these and simular nustakes beentuse we trent 
one standard manute or standard hour like another 
~Managers do the same thing when they treat one sales 
dollar as though ot were the same as another. Accountants 
make the same errors by considering one overhead dollar 


should be applied the same way nnother 


Better 

We can help to correct some ol these mistakes by bith 
proving our methods of We should set stand 
neds represen stiluble We thank 
oone standard as representing one piece ol 
the shelf ready to deliver to the customer 
Then (O00 standard tanutes should represent LOOO 
onthe standard minutes vou set up bey 
represents LOOO) salable preees vou have 
common denominator You have measure of salable 
output. boavery other kind of work or waiting that may be 
to wet ont ion represents eXtra cost 
exten production. These extras should be separated trom 


our tmensures of so-called direct labor, They are “manage 
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ment errors”. They cannot earn overhead. They are 
overhead 

When we see how much these cost us we are ina position 
to decide whether or not it ts economical to make improve 
ments. We can weigh the costs to reduce them agaist the 
costs to live with them. My belief is that many of these 
extra costs would be reduced rather quickly io we knew 
how much they were now costing us 

From the standpomt of cost control, the separation of 
these extra costs bs have tried to show this im 
two ways. First is the mustake the timestudy man makes 
mn onmuxing horses and apples. Too many treat one kind of 


standard time minutes like another. 


Better Cost Control 


Timestudy would greatly assist cost control il tinmestudy 
men Would make the distinetion between standard tines 
representing salable production and all others. In this way, 
every extra cost would be sorted out and reported. This t- 
the starting point of management action to control costs 
Ino other instances we say the first step in solving a problem 
isto get all the facts. 

Secondly, they would help avond piling one tistuke 
on top oof another, The mistakes we make im setting 
standards are multiplied by 3, 4, or 5 depending upon how 
large the overhead ratio is. Thus, our errors are exagger 
ated. That is not the important port. What really matters 
is that management is misinformed about the costs of the 
several products turned out. As a result, the relation of 
cost to selling price is thrown off. The actual spreads may 
be greater or less than the profit: margins idieate. 

Working from indicated profit margins, your manager 
may decide to put on a sales campaign. Everybody may 
be pleased with the increased volume. But they may be 
surprised to find that the profits tor the period went down 
instead of up 

Management's efforts to make correct) decisions are 
difficult enough. We should not make ther problems more 
compler by faulty timestudy We should use the tool» 
aVatlabbe to us to establish standards that actually measure 
salableout put. We should sort out all the extra costs that 
are made necessary by the current methods of production 
We should make more of an effort to provide management 
with at least the basic facts of costs. In so domg, we wall 
yreathy improve the opportunities tor cost control through 


the better ase of better Himestudy 


REVISED EDITION 
FUNCTIONS AND BASES OF TIMEE 
STANDARDS 
BY DAVIDSON 
per copy 
(order from 
Amenean Institute of Industrial bngineers, Ine 
145 North High Street, Columbus 15, Ohio 


Volume Vill, Number 4 


Allowing in Time Standards for Weight 


Handled 


By Mundell 


/’ cle ane and | 


anv avstem of direct tune study, bie 
taken of the bw the worker (or toree ex 
erted on levers) in performing the job for which the stand 
ard ous determined. In subjeetive rating procedures 
an adjustment is usually made i “the mental concept of 
normal’ to whieh the performance of the operation bemg 
observed is compared although an additional correction 
ly is nade in the form of a fatigue allowanee (1) 
In objective rating (2) the pace exhibited by the worker 
is compared toa fixed or standardized concept of normal 
Without anv attention bemg given, 
rating, to the diffieulty of the job. The difficulty of the yob 
is adjusted for subsequently by a correction factor taken 
froma table whieh gives percentage additions for variotes 
Cobjeetive’ conditions tending to make the so-called 
“normal pace not equally attamable ina speenie job as 
compared to the “ne diffieulty” comedition used te develop 
the standard pace used for rating. 

Whatever system is used, one needs to know the effect 
the weight handled or foree exerted will have upon the 
time to perform the work. Apparently confheting data 
appear in the literature but, as will be shown, these may 


be correlated if the correet: variables are used, 


Previous Data 

Nass Ch) experimented with ten eollege students. 
task consisted of moving, as fast as posable, a weighted 
hex TS inehes across oa table followed by an unloaded 
movement of the hand DS meches to the pomt of ormgin, a 
bree thovetment back to thie movement ol thie 
as lust thie Operators were able fer ‘The rit 
tors worked cot the experimental period 

\ study by Solberg (1) used ten college students, Call 
recently relensed US. Marines) te move, at them 
pace, a loaded lever ap and down for work 
spells with S-mainute rest periods between each work spell, 
The load on the lever was vaned trom 0.59 pounds to oOo 
pounds with only one value bemg used for each o-mimute 
work spell Solberg recorded the tine jeer evele for the 
last of each work spell. The subjeets worked from 
low to high weight on one dav and trom high wemht to 
low wemht on another dav to munimnze the effeet of order 


presentation 
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Vaneau Cente: Verrquette wily Vilweauhes 


Sekere: (9) used ten college students te ltt a bar te 
whieh wemhts were attached. The wemhts used varted 
from 2 pounds to pounds pound merements. 
mechanism returned the bar te the orginal positron 
inches from: the ground) so that lifts te ane 
free movements back. could be muade. Sekere: used two 
minute work spells, with the subjeets at there 
InaXxinum pace with twommute rests between eneh 
work spell, orders work tor ene hy 
lifting Ga) with trek, Ch) 


with legs (ly sequatting ane standing), 


hae Worker steel Wel sree 


THE JOURNAL OF INDUSTRIAL ENGINEERING 233 


| 
9 


234 


New Data 


In order to relate these data with industmal practice, 
and in an atteinpt to determine the reason for the appar 
ent differences, two additional experiments were under 
taken. With the cooperation of Cudahy Brothers’ Co.,' a 
Milwaukee concern with an extensive shipping depart 
ment, a test situation was constructed. The situation re 
quired the workers to stand in one spot and hilt) cartons 
(J x inehes x inches) DS inches up and 
at the same time move them 2 feet to the left and deposit 
them on a conveyor which returned them eventually to 
the operntor, but spaced so as to permit free lifting 

The initial position of the carton was mneches from the 
floor and the surface of the conveyor on which they were 
deposited’ was 27 ches from the floor, The weight of the 
cartons varied from 2 pounds to SO pounds algebraic 
steps although all of the cartons bemg handled during any 
one run were of equal Pygure shows a worker on 


the job 


TABLE. I 


iw 
» is 


50 
"0 


im 1 
is 


wo Is] 
212 


is 
0 

It) 


In orginal report these data were ineveles per work 


spell bat to the original values could not be obtamed 


much as the thesim was unobltamable 


ial thumks are clue to J Allen, lrclustrial 


neer, Whe made the expermental and workers available 
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In the first expermment by Lehman (6) the ten opera- 
tors, all of whom normally did work of this type, moved 
5 boxes from the lower platform to the conveyor, as rap 
Wily as possible, followed by a two-minute rest. The time 
to lift the 5 boxes was recorded. 

This procedure was used starting with the lightest box 
and proceeding up through the heavier boxes. The opera 
tors then repeated the work at each weight starting with 
the heaviest box and proceeding through to the lightest 
The weights used in pounds were 1, 2, 2.5, 5, 8, 12, 24, 
8. 80. During the experiment, the operators worked a 
total of approximately 2 minutes out of SS minutes oro. 
per cent of the time. The operators were given a strong 
incentive to work at their maximum pace by paid time-oft 
following the expermmental run. 

In a subsequent expernment by Kolaree (7) the same 
apparatus and boxes were used but mstead of the 5-box 
sequence, euch oof five workers lifted the boxes for oO 
utes followed by a S-minute rest. During the first work 
of S minutes, the workers worked with the L-pound 
boxes, progressed bey work spells to the SO pone 


TABLE. 


fram Table 1 Converted ta Total Pounda Lifted per 
hy Ne lecting each perim nia / 


| sa as to roel Plotting ona Similar Ne ale 


pes olbery Maw lew, arm Lehman, Kolares 
Pull on Lever jer per jer per 2 jer 
on Loft mon min inne Tene Minutes Minutes 
nite 
12 5 
25 
40 
HOS 
wo 
mo 
Is 
2400 4420 
24. 
440 
2h 
470) 
5200) 
ist 


* Various time pernods chosen so as to make slope compart 


sons readily feasible on a log log presentation 


Volume Vill, Number 4 


Wi 
a 24 
4 
re bad 
4 


boxes; then repeated the five-minute work, five-minute 
rest) pattern, going from the SO-pound to the L-pound 
boxes. The workers were induced to work at their mani 
pace during the three-hour experimental period by 
wiving them the rest of the day off with full pay. All of the 
workers studied were accustomed to handling, loading and 
Hitting boxes, such as were used, as a normal part of their 
tistial job. of boxes handled each minute at 
eneh wemht Was recorded 

Table | vives the data tor each of these two are the 
previously relerred te eXperimenuts form simular te 
them reporting. Dn Table the data has been con 
verted te lifted] or jeer period of tithe 
using a time Value in each case such as to permit charting 
onoone scale 

These data trom Table TE were plotted using a log-log 


asin bigure 2 


Discussion 


of the data exhibit an exceedingly simular slope pat 
tern with a few exceptions. First, Solberg’s im slightly 


flatter than the others buat ot should be reealled that he 
recorded only the last manute of a five-minute work spell, 


Which may well have tended to maxinize the work deere 


ment created by the effort of lifting each weight. Secondly, 
Lehman's curve does not fall off at the higher wenmhts a- 
both Sekeret's two curves, Kolaree’s eurve and Maas.’ 
curve. Thirdly, Sekeret's “leg” curve does not appear to 
fall off as greatly as the other three. Tt should be noted 
that Lehman's experment cia not require the workers to 
work as great a proportion of the time as the other exper 
ments. Alse, Sekerci's leg expermment involved a different 
Inuscle group as compared to the other experments 

Although «a comparison of Lehman's curve with Wola 
ree's curve, Whieh is plotted using the same time period, 
would appear to suggest a work decrement all along the 
scale, the data do not support such a hypothesis muasnmuch 
as Kolaree’s workers were slower than Lehman's even 
during the first minute's work at the lowest wemht, sug 
vesting that this difference can be attributed to the cit 
ference the baste abulities of the two working groupes 

The theoretical amounts of work that would be per 
formed, Wf the heavier wemhts did not slow down the 
workers, can be shown by a 45° line passing through the 
intercept of any of the expermental curves on the 
difference between the 


axis (one-pennmd ordinate). The 


al thos line with anv ordmate erected on an 


3000 


3 


3 


TOTAL POUNDS LIFTED PER Times 


2 Plot of Total Weight Lifted 
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| 10000 
Let 
4 
Yi 
(oe 
V4 
A 
4 
| Tune constent for cock curve 
«© 
25 5 25 50 so 


PER CENT INCREASE PER LIFT 


POUNDS PER LIFT 


3 Pereent Additional Time a Funetion of Pounds 


Per (Lehman and Kolares 


thscissa Value and the mterseetion of the same ordinate 
with an expermmental curve would be the work lost, at 
that weight lift, as mdieated by the particular experiment, 
the theoretical work capacity (based on a mainte. 
nance of the same pace as with the | pound lift). In all 
eases this is obviously a funetion of the weight lifted. 
Trend lines were fitted to Lehman's and Kolaree’s data 
alter changung Lehman's seale so as to it to com 
ede with Wholaree’s curve (aking these two as the most 
realistically representative of all the data). These last two 
experiments certamly were closest to actual work condi 


amd workers 
Cronelusions 
aT 4 . 


\\ hen: 


AT is the work decrement, expressed as additional time 


lor a given tiuscle group 


poor litt 

Hoos the wemht per litt 

TVeos the time per evele meluding rest and work 

7/7 is the time of the evele during Which the worker 
performing a hilt) or exerting foree or making 


movements with tension 
AW tor all muscle groups and all conditions of 
for the range of to 1 pounds, henee, 


The last Mquation ean be extended to all muscle groups on 
volved in the different experments flat) correction 
for the difference between Sekerei’s “arm” and “leg” 


curves is extracted separately. 
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Recommendations 

To put the data obtainable into usable form, Lehman's 
curve was superimposed on Kolaree’s and a 45> line passed 
through the combined intersection on the Y axis at one 
pound per lift. Using this 45° line, the theoretical, total 
pounds overcome per unit of time was caleulated for each 
lift, by I-pound increments. This value was divided by the 
actual, total weight lifted at each’ weight per lift) (by 
pounds) using the slopes of both Lehman’s and Kolarec’s 
curves, and the excess over 1.00 used as representative ol 
the per cent increase in time due to the weight per lift. 
The slopes of Lehman’s curve yielded the per cent mnerease 
in time when the load-connected-work was only 5° ol 
the evele. The two sets of data were identical up to and 
ineluding 1 pounds per lilt. 

Inasmuch as an objective rating apphed to a work ele 
ment converts the time taken to the time that would be 
taken with the standardized pace (and no difficulty) the 
time obtained after rating would be similar to the time 
at one pound (or no load) and expressed on the graph as 
the 15° line. Henee, the time increment from the line 
to Lehman's or Kolaree’s curve would be the secondary 
adjustment for weight expressed as a funetion of the 
pounds per lift. An assumption was made that the adds 
tional increment from 5 per cent of the time to oO per cent 
of the time under load was linear, and Table TIL was 
computed. 

lt is to be noted that ia rated element is oO per cent 
of the work evele it will be more than 50 per cent of the 
working evele after the adjustment ts added to it. At first 
vlanee this suggests a second correction. Tlowever, the 
computed adjustments would appear to have been sub 
jected to a maximizing influence in Wolaree’s experiment 
by “pushing” the workers considerably past the comlort 
able pace. Indeed, despite the use of some very light 
hoxes, they lifted boxes at the rate of 15,710 pounds pes 
hour for each of the three hours of the expermuient. This 
pace, extended through the work day, would be 120,000 
pounds per emht hours. In short, although the data were 
gathered at a constant level of effort, the level was im: ex 
cess of what is usually expected, and the heavier boxes 
may have had a maxinum effect. Consequently, Table 
is suggested as an interim solution’ for use with ob 
jective crating until we learn more about the problem 
Table TEL would be used, in objective rating, as follows: 

Let us assume that the task after rating has two ele 

Klement (b) involves motions connected with moving 
a 47 pound box or giving a 47 pound pull ona 
lever, 


Klement (b) is 40° of the rated eycle time, 

~tiggested come attempt to tise Table 
lor allowance table’? unless the rater i certam that 
noe attention ix given to the effeet of weight handled or resistance 
overcome mn the formation of the “normal pace” for comparison 


This not a likely situation with subjective rating 
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TABLE 
computed from rated tines w it 
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Consequently, the secondary adjustment for weight for 
element (hb) is 42 4+ 37 or per cent. This would be used 
teyether with the other appheable adjustments to com 
plete the objective rating And adjustment procedure 

The table may be used for leg lifts by using only the 
baste OS percent of evele value and the LO per cent adjust 
ment OS) for “leg 

ft os further that a these Computations create 
a total litt in excess of 120,000) pounds per exht hours, 
that a “duawnv' delav element be added to bring the 
work lond down to this fycure 

af 
leonaded an the body Cor Weld against the body) be treated as 
“orm and trunk 


is suggested that carrying an object 


hit’ rather than as an “arm” or 


A quick of the muscles mveolved will 


ente the renson for this tion 


4 
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TABLE 


f‘ontinued 


lm cements To Be Added to Value for Load Connected Work in Per Cent im ba Per Cent of le 
or fer Cont on Possible Total 
bor WW Table TEL gives a baste value of 12°, ‘Time Allowanees for the Handling of 
and an meerement of $6.0 per cent or, on Weight~ for Use in Stop Wateh Time Studies”, Thess 
37°) for the 35 per cent of the evele more than 
OS “An of the b.ffeet on Weight 
the jul cont al the evele aflected by the Lifted on S Vhenin Purdue niversity. 
wemht. (Note that the values givei for each weight permit 190553 
the rapid caleulation of the merement for any per cent of J “Pnpublished bapermental Report’. The 
evele under load Cor with loawd-comnmected-motions) trom Marquette University Management Center, VA 
per cent of the eyvele (he minimum value), to a Caper, 
value nt jul eont ofl the eyele } Si See Minne VME (‘it 
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2 vears’ expernence, Degree necessary. excellent 
opportunity on phases of Industrial 
with an expanding medium sized company located in 
the Pocono area of Northeastern 
perience should include modern time study tech 
niques, methods, plant layout, procedures, ete. Liberal 
relocation expenses paid. In resume, give full details 


mneluding salary requirements to 
X45, POOL BOX 2066 


Philadelphia 3, Pa. 
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Professionalism and AIlLE—and You’ 


By Gerald Nadler 


and Hlead Lie partment of Industrial ring Washington raily 


ats record (Chapters ure 
added ata phenomenal rate, and membership continues te 
vrow with equal strides, 

The gathermge of Engineers imto one yreup 
amd this purpose has been solidified ane 
enlarged. Beenuse the growth has been so great, it bs 
Len ce nied look back as well as for 
ward. Hnportant to evaluate our profession ot 
trial to evaluate ALTE, and to evaluate ou 
fon thie ob our yrowth as 


Qhur Profession 


has several definitions provided 
by the reeent definition of our protles 
ston provided by the ATTE is probably the best available 

is coneerned with the design. 
ated penn intewruted “Vatetis of 
ten, and equipment. draws upon speenmlized 
Se tenet beet with the principles reed bends 

\ corollary consideration of Dodustrial Engineering te 
the need tor such aetivity. one thing to define 
amd another te establish need. Certamly. the 
reason has developed in the past 
(hte SO veurs is that engineer had to start looking at the 
of the whole sittution rather than thee 
Tn general, the engineer had always been required 
ter checel wath the on Hoprovement ob 
Et was the design of a onl 
equipment. oroban eleetrien! process, ora bridge aeross a 
speerie river. all these illustrations, the situation 
Was relatively timated. both termes of its 
the stems with whieh the engineer must deal, and im rela 
tothe tact they dealt with maternal faetors. not 


growth of the tdustrial organization re 


Ube ered cote tes thee \ slley 
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quired the approach which dealt with a design of the 
<vatem volving maternal and human factors. Becnuse 
this is a engineering concept, whieh deals with 
putting together various engumeermg designs of 
component=, the growth of rial 

and profitable. of us opportunities te apply 
to severnl areas whoeb the 
worthwhile, however, to mention several arens to host rate 


further the wide appheation of Lndustrial 


What Has Industrial knagineering Done? 


The usual of tndustrial te the 
control, tithe study, lavennt mate 
rials tool Wage sep 
forth are famuhar to many. Llowever, vears have seen mew 
now requires an stall 
to be part of all clisetisstonms comeermng designs of mew 
Another large company St. stipulates 
or polaris for barking shell be approved 
the clesigns. efleet, this that the <tructure 
testinal reverse 

\t the present tine hospitals are an new aren 
lor applying Tneustrial There is a 
ized hospital St. Lowe where 
techniques and practices are bemg appled tor developing 
the stafhiiig patterns for nursing persanmnel This m a true 
engineering funmetion, recur 
appleation of principles te arnmve at the 
versities represent ripe areas for the applenation of 
dustrial The department of 
at Washington niversitv has worked on a 
complete registration procedure study. The business office 
ofany University m an aren whieh has been sacrosanet tor 
many vVears, vet needs Todustral more than 
many other activities » 

(sovernmental agencies have started) to remleze the 
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benetits of Industrial The post office in the 
past several years has established‘an Industrial 


In addition the ordnance corps of the Army has estab 
ished a traning program on Dodustrial bagineering topics 
lor its large staff, Insurance companies and ther tre 
mendously numerous and complex office procedures, are 
talents to design then 
and flow 

all, what Todustrial does has 
cated both the requirements and need for such activity 

One cumportant concept concerns the approach people 
m conjunetion with techmeal engimeermg. This truly 
differentiates the Tndustrial from the other 
branches. [His anportant never to forget the human bemyg 
tus place in the system. This even applies when the 
human bemg will not be needed im the system, and the 


Industrial Magineer has to solve the problems thus posed 


The definition of Todustral Kogineering offers another 


reason for the growth of 
my toght be defined as the art of controlling the forces 
and maternals of nature, and organizing and directingg men, 
lor the benefit of the human race. The branches of civil, 
mechanical, cleetreal, and chemical engineering provided 
lor the first part of the defaution, but the second part was 
net taken care of The wew branch of 


my Was needed. 


We Know We Need Industrial Engineering, Now 
What? 


behef that Industrial has reached 
where we neo have to spend 
energy on establishing the veed and desirability of In 
dustrial This does not mean there isn't much 
lobe done. But, in many wavs, the remaming “selling” ts 
operation, rather than the main battle. The 
lndustral has been almost completely accepted 
mito all of our large organizations and universities, We 
mitist face the wext task at hand 

establishing the professional nature of our field is the 
next stepon our growth. We feel professtonal recognition 
is past due, because of the good procedures and techniques 
onits own deserves profes 
sonal recognition, without the necessity for 
lor this recognution., The reason tor planning the next stage 
growth os that ot will help achieve this recognition 
vears before accrue as a natural development 
This os to what every other branch of 
dlud on tts 

Phere have been many of what) comstitutes 
tenn Mois thot as te 
define professional recagnition as itis te establish how 
was achueved by other groups. Tlowever, itis apparent 
of the techmeal mlormation used by the 


held, the service af pives tao those who use the service, its 
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recognition of the social obligations, and the recognition by 
the soem! world of the professional nature of the aren 
The development of the other branches of engineering 
help show us what it took to achieve professional recog 
tion. Simplifying the process as much as possible, we find 


there are three essential steppe 


Steps in Growth of a Profession 


| The re owas a neod \ job hicacl tor be clone ‘The 
tes bee belt. The lathe had to be designed. An elect re 
tor be constructed \ crackmg tower tor 
pul inte operation \nd, of course, a system had to be 
desagned to meorporate several preees of equipment tite 
an mtegrated whole 

When each problem first arose, there was no engineer to 
solve it. There were no people with degrees tabelp take 
eare of the situation. The problems had to be sdtwed by 
using logue and empirieal procedures. this sense, the 
people who solved the problems were the proneers of the 
time. They helped to establish the footing on which the 
these proneers were necessary. [nono other way could the 
profession of any engineering branch get started 

2. acts became established. The man who solved one of 
the above problems gained a certam: amount of experience 
He appled this expenence to a somewhat similar problem 
again. Tle learned something new. After a while, certam 
lacts became relatively well known. These facts became 
the first foundations of the field 

\s some of the problems, that had to be solved im the 
carly davs of anv branch of became more 
compleated, then some of the research areas began to 
develop. In this phase, some of the experence, when 
combined with the research of the acadenuciman, provided 
nized, this step provided ever mereasing numbers of tacts 
and figures about the problems of the area. In many cases, 
the facts became either so numerous that it was difficult to 
hnow what allot them meant, or some of the tacts became 
contradietory and chaos appeared a likely result) in the 

Facts become united into basic and sem ple theories 
One ol the sceming paradoxes of anv freld is the tact that 
When numerous facts are established, frequently 
possible to develop a simple theory to combine ouch of the 
hnown mformation. many cases, the myriad facts seem 
so complex that a simple theory appears out of the ques 
tion. However, simple theores are developed from complex 

this college degrees start to become 
esscntial tor personnel in the field. Additional tramung 
nemled to not only solve present day problems, but to plan 
the ol tommorrow problern- simple 
theormes are evolved, this does not mean there is a slow 
down om the process of learnig still more through ex 
and research. Additional tacts are obtamed and 


they seem to be complex. Simple theortes are evolved trom 
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these complexities. Thus, professional status ims achieved 


\nd research and expernence continue to develop further 


t and concept 
¢ 


Where is Industrial Engineering? 


To me it appears that Industrial Engineering is now 
locuted somewhere bet ween steps two and three. Certaimly, 
we have plenty of facts. Now we are in the process of 
Irving to put these facts mte some overall theories. At 
the present time, only tentative real theones have been 
developed. But the aris full of this important work. And 
although this means we may not be exactly “rght” for 
complete we are close te thus stuttis 

One problem of recaguition, the professional sense, 
the establishing one group to help formulate 
and communicate the concepts and theones bemg de 
veloped. In the davs of the proneers of any field, it) was 
ridiculous to tev to get the practitioners of the day to 
vether i one becnuse euch felt Quite secure hits 
ownexpenence aud abilities selving the problems. But 
us oo held) progresses through steps two and three of its 
becomes more essentiml for those practicing in 
the field te her exchange information, and te 
the establishment of these theores and COCO me 
essential to professional growth. Therefore, one objpective 
obany professional group would be to provide the meeting 
place or forum for establshig the and sinple 
theores. As con be recognized, the fulfills this need 

There were other attempts at unthieation 
Certamty the Tavior Socety, the Socrety for 
nod even the tor Advance 
col NM uttempted tor ber the lores 
lor rial It to me these 
och man’s expenence varied, and he could not quite see 
Why his experence should not be provided first-place im 
therefore, the downfall of the 
proposed purpose of the organizations. These organi 
trons did provide many opportunities for 
these pioneers, but they did not have suffierent 
through experence and research, on whieh to base 
them volving principles. Now, though, is becoming 
more apparent that there are some cohesive Concepts, 
ated that the a eatalyst on ding 
ob these Concepts Now let us discuss the and 


and Professional Recognition 


fri edition te the role of teving to develop the form 
Wherem concepts and theornes are developed, the 
alse is the prime mover in establishing professrona! 
Without question, this one of the most) 
activities ob any group such mas and our organization 
his hid retnarkable stiecess on this line 

(ther engineering branches have started to recognize 


rial thie eflorts of thie 
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They present our present techmeal developments to 
others, and establish relationships which are worthwhile 
For example, it is now becoming desirable to point out the 
relationship of Industrial Engineering to architecture. The 
design of buildings, plants and warehouses is becoming 
an important segment of our work, and this pount relation 
ship must be done 

The ALLE presents a united front for Industral kag 
neermyg on the Engineers Jomt Counerl an as 
sociate member of this group. In addition the ALLE now 
specifies members of inspection teams for Changine 
ers for Professional Development) when these 
Viet the Universities for accreditation purposes. 
other secretion bias been 
notably inerensed 

And, of course, the ATTE provides the means tor getting 
recognition of lncdustrial the comunity \ 
chapter locuted in a metropolitan aren ean do much te 
develop professional recognition for Tndustrial 
Hut this chapter would not be nearly as efleetive iit were 
just a local ehapter, rather than one associated with a 
National organization. The strength of chapters 
overwhelming 

There are other areas whieh ALTE an 
factor, The problems of our professsonal recognition are 
the problerius ol the whole 
held of engimeerng. bach of us has beard of many types of 
engineers: at least, the word “engineer” was used, tot 
example, the brake engineer, the tram engineer, the 
engineer, ete ‘These are not true engineering 
nor the tern be to designate 
these kinds of activity. must help establish anil 
concepts for all engineerimg as well as for 
alone; this is important for our 
development. The extablishment of unilving: coneepts Lot 
all fields bs purt ob step three mentioned above, 
since all engineering is through the same professional 


development process 


Professional Development Implies Contin- 
ued Growth 


Cietting professional stature does not im any way reduce 
the need for continued work m developing new concepts 
and applieations. As a matter of fact, it inerenses the need 
There are many areas that will need much Lnedustrial 
work mn the comming yours 

\utomation moa big faetor our future. The handling 
concepts im automation are well within the 
Industrial reales. The design of parts and 
products, layout, work assignments, schedules, 
facturing sequence, ete, are problems im automation. Dhese 
problems will require more These are 
in addition to the problem of obtaming greater utilization 
of techmeal man power 

One of the chowe problems in the future will be how to 
inercase the productivity of an automated plant. Mary 


people assume that an automate factory has achieved 
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optim in production. This is sheer nonsense. There are 
~veral Ways to develop still greater productivity in an 
attomated plant, better utilization of the present equip 
ment awd handling devices, better processes and physical 
equipment, better utlthzation of tian power and many 
more, Finding these answers withm the realm of In 
dustrial Part of the productivity develop 
ment of our country will depend on future Dndustrial 
aetivities 

There are still many otter work activities where it wall 
be extremely Vo effect) automation. Llospitals 
offer an ihustration of where much qon-repetitive work 
bey performed Tndustriak will have to 
fod ways of utilizing the skilled man power in such situa 
With more and newer techniques 

The horzon is even broader, Mathematical program 
Wall play an role in coming vears. Electron 
for controls and research are growing iniportance 
Computers and Tndustrial will become even 
more miterrelated. will Shape many Tidus 
trial appleations. boven work measurement 
will have to find methods for nreasuring how much work 
con be to an Nan alitommated plant 
This will be even more important than present-day work 
mensurement. person wilf represent a huge imvest 
ment, thereby requirnig that the work load assignment be 
more accurately, 

engineers are becoming more conscious of the 
problem. This is an poportant development. This aware 
ness tukes several forms,one of which is the recognition 
that people partyeipate in aetivities whieh change 
them work. The automatic factory represents soem! and 
community peoblems whieh have to be solved, not only 
prolif but by the chymeers? whe helped develop 
this coneept. Additional lemure tine for workers will re 
quire ndditional nonworking facilities. The Pndust rial 
engineers will be required to apply techniques to achieve 
yrenter utilization of such taciities. 

\n ierensing fand of knowledge provides the basis for 
making Eagineering even more cohesive. In 
eHleet, professional growth conmtinues ut oan 4 
pot here concerns the tact that this growth ean not be 
expected unless the individual Engineer 
contributes. In other words, prolessional recognition ean 
not many way depend upon an intangible grouping. 


upontthe 


You and Professional Reeoguition 


To depend on ter push voursell and your 
prolessronal development is the worst type ot thinking. The 
Whole purpose of the Tndustrial field is to 
porary le whawers ta problems the operating scone These 
answers can be developed better at there isa large tund of 
information amd @oncepts jon whieh the dividual In 
dustrial car draw. Answers will come easier when 
others recognize that does have a 


professional background and a wealth of miormation on 
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Which to draw. This means the madividual on the “firing 
line's the person who ean decidely effect the growth of the 
and the recomnition of the ith the eves 
of others. Rach individual must promote, not only recogni 
tion, but the development of the field in new and broades 
areas. Developmg new principles and applications is one 
The second funetion of the dividual Dndustrial 
is to work within the group that has been 
established in the profession. In such a group, the meds 
vidual has an opportunity to discuss his problems with 
aher people with similar situations on the same 
cepts and a more useful knowledge bank can be estab 
lished. The personal contacts are essential to the profes 
sonal development of the Industrial Solving 
current operating problems leads to the development ol 
the theores and concepts Which are needed in future work. 
\ well-intormed individual Industrial operat 
mig al probletnis presents the hope lor the 
future professional development of Industrial 
But the mdividual cannot operate successfully unless he 
has a groupon Whieh to disseminate and 
tion. Thus makes the local chapter of ATT by far the most 
the whole profession. For it here that 
the sdeus of the various members can be exchanged to 
develop the meeded concepts and theores tor the treld 
With strong local chapters, there can be no question 
that the Amerecan Tostitute of Lodustrial 
develop necessary concepts which are needed for the field, 
as Well as presenting a united professional face to the out 
side world. Only the growth of the field itself can spur the 
professional recognition which we seek. 
lt appears, without question, that the future for In 
dustrial kngineering ow bright, even bevond the 
tron of the roast our (srowth of the 
professional field) spurs professional recognition. And 
professional recognition, through the American Tostitute of 
Industrial bngineers, spurs the growth of the 


field itself through the individual. If we grow, our profes 


sion grows. Tf our profession grows, we grow. These are 


inseparable, and both must help the other. 
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Differential Profit Control—A Modernization 


of the Break-Even Analysis 


By Dr. Raymond Villers 


f ily 


Neu 


Rarely, ever, does the mdustrial engineer have the 
chore between big profit and big loss. As a rule, his task 
consists tiaking mvelving a chore between 
a rensonably good solution and a probably better one 
Todo so, the Tndustrial wants a clear pieture of 
the sittiation and also, all possible, a quantitative 
measurement of the tactors mvelved and of them uter 
relat 


( 


does provide a very usetul Tramework of reference, but toa 
extent it is a ove ion 
as a rule, be merensed by merely mereasimg sales, 
on the one ent decrensing the ct 

The of differential protit control is an attenmipe 
te provide the necessary tool to analyze a whole situation 
through the use of whieh truly 
reflects the complexity of the problems of profit: control 
Thos article will present this method and show through 
eNatiples how the engineer can use it and benefit 
it 

Whether an medustrial engineer speemlizes in work mens 
urement. ori teethods and processes, or in plant lav-out, 
any other specie aspeet of the complex world of 
medustrial management, whether or not he has also been 
setive the freld that some ter 
ations Research” while some others melding the writer 

prefer at of the best on rial 
mo there om one fundamental 


an “we 714) the writer of the 


See PO} \ of the on 


195% 
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ile mat sok ane | pile 


trical enterprise ts oot closely mtegrated. | here ps 
hardly any single element of the that exits 
onoits own. bvervthing has to be comsidered as part of a 
Whole, as “Upporting some ities served 
ported by other activities 

The more eflicrent the organizatron mm, the closer thes 
Integration becomes, resulting moa complex structure of 
inter-relat ronshipes 

Translated im terms of dollars and cents, this 
thst protit is mol the mere difference between two tide 
pendent Variables, sales on the one hand and expenses on 
the other profit im the result of a series of 
relationships, 

The relationships ivelved ean be in three 
40011) 

First: The cost to sales relationship, Whoeh 
ized by the fact that some costs vary directly with sales, 

ich as the cost of materials, for while other are 
totally unrelated to sales, stich as the real estate taxes 
mveolving the plant itself, and others vary wath sales beat 
net direetly, such as the supervisory expense, bor tetanee 

Second: The cost to cost relationship the 
fuet that, for new and efferent eve til 
inerenases the clepores ation bart the labor comt 

Third: The sales to sales relationship, 
premg poles and marketingg considerations Phe sale 
of some products confliet with the sales of other procduets, 
While some sales, on the contrary, may stimulate the sales 
of another line of products. Some products are the orgon 
of more extensive and more overhend than others 
bor this reasen, and also because premg poles are re 
luteal te cannot be rygidly commeeted with 
the cost of production, some items are much more profil 
able than others. Cltunately profit will largely 
the sales as well as upon the total volun of 


Differential Profit Control 


‘The reeset ve iti thie: t pened ti 
tral profit control refleet= these three tumdamental rele 
It it heart dees thie ev erty 


chart orginally developed by Walter Rauten-trauch 
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An example will ilustrate: Lay us say that for the year 
the profit and loss <tatement Of the ABC Co. shows 
the following results (in S mullions) 


igure | shows the break-even chart obtaimed in plot- 
ting sales in abseissa and cost im ordinate, using the same 


soule 
. The trend expense to sales is defined by the equation: 
«ale IS uM y a+ 
total sales 
Dotal 
a Constant expense 
New fit before taxe» $3.4 
— $1.5 ratio variable expense to sales 
x 
nied that the analyei of cost provides the following fyure- 
is valid only Within certam range of 
; Variation of the volume of production and only as long as 
M the conditions of operation retrain unchanged 
Material 
, If the sales of the ABC Co. should increase or decrease, 
(dither vVatiable cont Zt 
the variable expense still defined by the equation: 
but certain elements of constant expense, the supervisory 
"Postal $133 
expense and offiee salarnes, for and a few others, 


Break 


en Point 


sin $M 

able Costs 


4 
Otai Costs 


mstant 
(osts 


0 5 15 


Sales in $M 


hig The ABC Company Break Chart 
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tor bee inerensed decrensed So the comstant 


would treo longer be 


addition, some progresses were tide methods 
and processes whieh mmerease Libor eflicgeney, then the 


slope thre trened 
ros thot te tore 


there should chanwe mm the sales ouxture. the 
slope of the trend os further mroditied 

Do these considerations affeet the usefulness of the 
break-even chart? Certamly not, as well proved by its 
essentially trom two charwetertsties 

1 The chart provides a linear equation whieh defines 

the cost to sales relationship Within a certam ot 

variation of the volume of production and whieh 

remains Valed lone us the comeditions of 

remiain unehanged 
> When this range of variation of the volume of pre 

duction i exeeeded and or when the conditions of 

operation change, the chart provides the basis trom 

Which the ioapact of a change can be measured 

It is teow propescd to take full advantage of these two 
characterpsties by combining them one suyle mathe 
tational model whieh wall provide both the linear equation 
that defines the cost to sales relatronship and the structure 
Within whieh computations ean be made i 
tively simple manner to measure the of a change 


Phis mathematical model the equation 


Where 

7 

~itles 

“ constant cost at the time 7) of the oral analy 

I, ratio of Variable cost to sales at tune 7, 

difference due toa change constant eost 
the tome 7 

M difference due toa change in the ratio of variable, 


cost to sules smece the tune 7, 
the ense of the ABC Co. the 


7 toby 


a a earetul manner, admittedly 


The attention given to the break even chart and comple 
thee les ehart. cllustrated tev the fact that loth 
have been extensively discussed in recent \ear in magazines and 
ter bee executives See, fer 
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takes time and effort. It is worthwhile doig it fron tome 
ten ot bee repeated tems essential 
col the methed of differential profit: control ms te 
intervals 

In the cause of the ABC Co, we have 


a and tot) 


aus of Jan. 
Let us ask ourselves this question: Tlow ean these tae 
tors change? 
The answer ps 
‘The constant ol cannot with 
out a tanagerial demon authormzing the change 
The variable expenses cde change, more or less, aute 
matioally as sales varv, but the tit) 
conmot change substantilly unless eather one of two 
happenings oeceur: ether a managerial 
changes the conditions of operations (wage rates, 
purchase priee of new materiis, ete.) or the sales 
mixtures changes 
the basis ol these remarks, it bee that any 
the ratio of varmble expense to sales, 
merely establishing a routine procedure tor the 
then the at thie col 
rial chee mevelving the 
operations and causing a change i the constant ex 
a or the ratro ot variable expense te 
sttles, sules it) 
change im the sales mixture, alse o change 
the ratio ty 
The of such ehanges will be computed as Se 


Ma ae, “ 


where Say. ete. Se. are the differences due to a 
change mm the value of the orginal elements of 

where Gost. elements of con 

<tant costs that have oppenred alter the time of the 
tical recording, 


bhe of VUanagement (bunk awd Wagnall 
p 

These retarks cle toot ter thee the of the 
pole shop. the “learning curve other factor a 
thea neds comelition where Sh tan 
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where Sr,, Av» Av, are the differences due toa change 
in variable costs. which are related to a change in the 
structure of the onginal elements of variable cost» 
fay, 

Where are new elements of variable 
Costs that have been mtroduced, 

where the sales volume corresponding to the variable 
Costs tuken mito account (adjustments the computa 
tion Will be neeessary if the variable cost< taken under 
consideration are not all related to the same sales vol 

where Sb. is the difference due to a change in the sales 


Application The Case of the ABC Co. 


In the of the ABC Co. the ol differential 


rel 


Was based upon the conditions of operations existing as ol 
Junuary 1057 

the end of the first 1957. brenk-even analy 
conducted on the basis of the changes that 
have occurred and have been duly recorded, as they did 
oceur, This brenk-even analysis the following 


Map f the changes which affect the constant 
computed S on the of thee can 
CN 
col sate merense it pon, which 

brought production upto tors the first quarter 

expected loo further the veur. 


May 

The Board of Directors has merensed advertising by 


the rent of new warehouse 


The second one is the mterest on a long term 
Wits required ol lnek working cupital lo 


the on production and which amounts to 


Phe third one results trom the cerention of a research 
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The fourth one results from the introduction of a pen- 


sion plan for monthly paid employees: 


Step Computing the differences in the ratio variable 
penses to vales (expressed in percent of stiles): 
incentive plan and some improvement in the 
methods of work have resulted in an mcrease of about 10°, 
in labor efliceeney. As labor is y's 207 of sales, such an 
inerease in labor efficiency means a reduction of labor 


‘ gr 


AM, 
1M) 

2 ‘The inerease in production has been made possible 
by a special sales effort, related to the imerease tn wdver 
tising expense already recorded as Say. This effort also 
included an inerease in salesmen commissions and in ther 


traveling expense budget, resulting in 


Step Computing the impact of changes im the sales mes 

fore 

Table A presents the sales mixture analysis of the ABC 
Co. for the vear 1956 and for the first quarter M57. big. 2 
ix the sales muxture chart reflecting the situation 

All items sold have been grouped according to the direct 
profit per dollar of sales of exeh itens® At the ABC Ce 


there are & groups. The average direet profit per group 


TABLE. 


amputation eal 


\ 
\ ant 
lh 


the marginal cost theory ved oof the <ales musture chart, see 
by canned \ tllers lary Cont al | in 


nall- 
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ment 


varies from SO cents per dollar of sales tor group | to 70 
cents for group bach of the ome groups meludes all 
items for whieh the direet) profit, per dollar of sales 
Within a range of variation of +2.5 cents trom the average 
for the group 

The sales per group are shown in column 3 for the whole 
vear 1956 and in column 4 for the first quarter 1957. These 
sales per group tnstend of bemg measured in dollars are 
measured in percent of the total sales for the period con- 
sidered. This makes it possible to compare the sales of 
one period to the sales of any other shorter or longer period, 

The total of column 5 provides a weighted average direct 
profit per dollar of sales for the vear [50 as a whole 
(55.65 cents per dollar). This compares to the figure of 
cents for the first quarter 

This change is due to the fact that im 1957 the ratio of 
sales related to the less profitable items was substantially 
mereased (as shown by comparing column 3 to column 4). 

The change in average direct profit: per dollar of sales 


shows a decrease in profit 
Ap ob 


This negative change in direct profit per dollar of sales 
corresponds to an equivalent positive change in the ratio 


of direct cost per dollar of sales 
Ap 
In this case, therefore 


Mep 4 Ineor porating the changes in the equation of differen 
hial prot control. In the 


+ + (.005 + Abdu 


we fine 


+ Atte + + + + + Owe 


Mi, Mi. SM... 


1M) 
Thus the 
7) + Ma) + + 
Which represented the situation as of January 1, 1057 
becomes as of the end of the first quarter 1957 


+ 
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7 \ 
/ \ 
f ~ 
/ 
/ 
/ 
/ 


2 The AKC (‘ompans Sales Chart 


Possible € se of an kleetronie Computer 


The above computations are only an illustration of 
those that have to be performed im actual practice to keep 
abreast of changes in conditions of operations, 

The clerical work involved may eventually be greatly 
simplified by ancluding the necessary recording and com 
pututions im the programming of an electrome computer, 
In fact, the writer has been advised that the posability of 
making the method of differential profit control part of 
programming ts currently being studied at the IBM 
Research Laboratory, Poughkeepsie, N.Y, as part of an 
extensive research program coneerned with Integrated 
Data Processing problen- 


Results Differential Break-bkven Chart 


brom bis own pomt of view, the mmdustrial engimeer 
will find that the method of differential profit control ean 
essentially serve the following purposes 
«a reliable standard to which the actual 
performance can be compared 
ing future @Xpetises relation te antienpated 


“Valuating in quantitative terms the relative worth of 
chace between 


alternatives under consideration 
purchasing a new equipment or keeping the old 
one going, choiwe between new equipment of different 


prices and different effiereneies, ete 
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binally, at should be noted that the method 
to the preparation of what can be called a differential 
Such a chart is shown big. 3, based 
the case of the ABC Co 
Treml 7, corresponds ter the (as ol 
Jan 


break-even chart 


foley 


| rend 7 ter Chee ool \pril 


$608 + 


The use of dotted and big +b, 
such a case because olustrates the volume 
at which the change oecur- 

looking at sucha single graph of gor over 
piles of accounting data, the mdustrial engineer in charge 
at studying any situation or any projpect can see at a glance 
the wapaet of actual or proposed changes in the conditions 
ol operations, regardless of the complexity of such changes 
Measurements on the graph itself give an immediate 


lire. 


Point 1957 


anewer to such questions as 


Wheat happened to the break-aven point’ 
to SIRS Ni 


Are better or in a worse postition than belore? 


Anes It from: \I 


Anes. The cost to sales relationship was more lavor- 
able in 1956 (Trend than 1957 CTrend 7 
\t the same time however, the new conditions of 
operations, represented by the trend 7), have en- 
abled us to merease our sales from Slo Mi. to an 

expected volume of S20 MI. This tnerease was 

prossible bey 

(Sets, Awe!) 


(Say, Mbend and by accepting to push the sales 


mnereasing the plant capacity 
by iereasing the sales effort 


at the less profitable items (36,0. The inerease in 
total sales volume has more than compensated the 
unfavorable change m the trend of the cost to 
siles relationship. As a result, the net profit: betore 
taxes Which was SIO Moin 1956 ean be expected 
to be SES Moan 1957. This means an mnerease of 
SS00,000. in spite of the fact that the trend 7, 


is less favorable than 7). 


Point 
ral 
big 3 The ABC Company Differential Break bven Chart 
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. 


The answer to question 2 illustrates the fundamental 
charactertstie of the break-even method whieh 
is essentinily an “le synthetic pretire 
movery LON stttustion. Phe necounting fyures, ot, thw? 
eomtiraryv, ean be sand to be of an analyte charneter 
ule data related to the sales volume, the various 
element of thie the total met 
and a multitude of useful details. Thev do not. however. 
provide a svothetie preture of the whole situation as the 
break-even atialvsi does by combing all factors mvolved 
rites tremd whieh represents the cost to sales 
anv given Volume of sales 

The taipact of anv change the volume of sales ean 
be tenasured on the break-even chart by plottig sales in 
thscissa, but stich change does mot afleet the trend itself 
tinless the conditions of operations are modified, as wa- 
the cuse the above where the 
had to be expanded and where the sales effort had to be 
inerensed oshows how. that ense, the trend 7, 
(valid up te about SIO ML of sales) had to be changed to 
enable the company to reach a higher volume of sale- 
big. 3} alse shows how the tremd 7. (valid above SIS M 
of sales) compares to 7). The trend 7.» refleets all the 
changes that have afleeted the conditions of operation 


the perod considered meluding that case some 


changes that are not directly related to the tmerease im 
pon (stich as, tor the ereatron of re 
seurch department, ay It alse refleetS the ehumge on 
the sales muxture, thus presenting a truly comprehensive 
This the svothetre character of the 
even analysis method 

If further changes related to high were 
from wWhieh to start the computations The of 
contemplated changes would be determaned by evaluating 
the differences Sa and the equation 


This illustrates the fundamental charactermtie of the 
method of differential profit control which ts essentially 
intended to reduce the work mvelved in break-even amaly 
by limiting it, whenever posable, to the computation 
of differences. The differential break-even chart ean be 
used to show the of anv change, whether an aetunl 
one or one that im under comsideration, by merely plotting 
the trend corresponding ter the that been or 
would be created by the change Phe mew trend om deter 
mined by using either the previews OP the present trend 
as the basis from which to start and evaluate any expected 


difference 


‘Announcing 


AN IMPORTANT NEW BOOK— 


HANDBOOK OF 


Industrial 


Engineering 
AND 


Management 


Edited by W. G. lreson and F.. L. Grant 


A complete reference book for the industria 


( ross-referenced and fully illustrated, there are se 
tions on: structure of business organization, mana 
yerial economimes, engineering economy, manpower 
management, motion and time study, factory sys 
tems and procedures, industrial climatology, tool 
engineering, industrial safety, inspection and quality 
control, and many others. including a section by 
Wm. Gomberg on The Trade Union Attitudes To- 
ward Industrial Engineering Practices. (Text edition 


available in quantity) 


1208 pages. 6” x 9”, double col. $16.00 


Send for Y our (opy Vou! 


Journal of Industrial Engineering 


225 North Ave., N. W. 
Atlanta 10, Georgia 
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engineer, manager, businessman and student on the NAME 
helds of activity commonly considered to be part of 
industrial engineering. There are 17 sections in all. ADDERS 
ach section is complete in itself and is written by 
an outstanding authority in the field. erry STATE 
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PRESIDENTS 
MESSAGE 


OUR FUTURE’ 


By Gordon B. Carson 


gratelul to all of my trrends tor the high 
honor of bemg eleeted your President for 157 5S. The 
task whieh we face together should make us all pause a 
moment, regroup aur torees, and prepare to attack ous 
common problems with renewed vigor. 

Vib ot the Presidents who have preceded te have made 
contolutions to the yrowth of am yratelul te 
thems tor them work building the foundation upon whieh 
we 

people, go through with all 
its childhood squabbles aod tragedies, and adoles 
cence Wherem all problems, large and stall, assume equal 
Some people never escape trom adolescence. 
The penod of new bewilderments and many real and 
Hnagined frustrations so completely grips them that thes 
deny themselves the salent and competent power of real 
Sooit os with are filled 
with adolescent contentions for lite. 

bortunately for all of us, men oof vision and courage 
have, thew turn, guided the destiny of our organiza 
tion, and we have now emerged from our period of adoles 
eonce the tall Vigor of young Chur task os 
this as we continue our growth, until we as 
cur righittal other learned socpet pes, 
nnd become accepted by them because of our strength and 
our mature contobutions to the technological lite of ou 


Alih. New York City. 1057 
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Our Dynamic World 


The world of engineermg i oa constantly changing 
Kaleidoscope ol problems and solutions Phe tan whe 
Wishes merely to become diseriple of past practice ts 
hissing interesting and ol our 
real purpose as Dodustrial 

In the future, must be prepared 
foenter into many of the larger decisions which be 
nade to determine the prospective course of an enterprise 
The narrow outlook toward Tndustrial is ne 
longer valid, | 

Yet the changing tace of any teld sometimes 
obseures the unchanging fundamentals upon whieh that 
held rests, 

engineering, broadly, is supported by a tripod 
thon. The legs of this tripod are: 

Manpower 

Materials 
alphabetical order, But the most negleeted leg ot the 
tripedis the one in whieh Tndustrial lagineering has the 
yrentest mterest: 

Manpower. 

It will be seen that the various branches of engmeermg 
place special emphasis on different: legs of this tripod 
foundation. For example, electrical engineering is heavily 
slanted toward energy, metallurgical and civil engineermg 
toward materials, and mechaneal engimeering divides its 
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| 
| 


attention between ria! borg 
utilizing, and controlling manpower, The real challenge 
ter tis os tee tinederstamd the effeet of current and future 
ofl the tact that toen be treated as 
streeesstul utilization om te be achieved. No man wants 


tes tee statistye 


The Team Approach 


There bias been an mir pore 
Wrestle with our day-to-day problems ane 
\ cheval onl Stispobe bent 
brevet thee The dreamers, the thinkers, and the 
are prone te cull the stenlgey 
while ther oppesite numbers are re 
garded by the practitioners as unrealesty 
ob eneh other 

This ts a world whieh the probabilitw of a 
trons: com genius os less than the 
ie col iilists tenet beet iti 
Lhiere ts tiple in thier approach 
treed Nloreover. the al 
chive ree Working towared in 
clearly evident as wean ADDR attack and solve our future 


Applied Sciences in Industrial kngineering 


today mist be serentists with a sense of ur 
bor example, game theory. linear programmig, ane 
all ther comtributions te 
that they nav be reduced toe Furthermore, tun 
dhimental reseureho oon the serentifie bases underlying 
dustrial bagineering must be expanded to bring to light 
new prmeciples whieh be converted mto tools of anal 
vais for the 
\t this pomt some will ask aren't bemg jtist 
wall question whether sense,” 
alter allo isn’t the plattormn under all engimeermng 
appleations. think they see much on 
allot the more recent arens of development, 
trots research. but tail te see the of 
coted thiskers whe now are boldiog toward an Dndustrial 
scence Which we tiust have te cope with the 
multitude of complex problems os the future. Many of the 
thinkers also have erred tanbure te 


them temtus trom the hard-headed practieal areas of mod 
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ern Engineering practice. These two 


inust be taught to communicate effectively, and, 


to coordimate ther Knowledge to productive ends 


The Need for a Changed Approach 


Many will ask why Industrial Engineers must change 
their approach. “Why aren't our proven good 
enough?” they ask 

In framing the questions, they fail to reeagnize the 

\ short few vears ago, a mistake m speciiving a given 
inachine Was readily absorbed by the medustrial svstem 
Its cost Was a minor of total mvested 
But today an automated line may require substantial 
of the avitlable enpital ol \ 
take on UAL ddesigen con be fatal We theretore live 
lewd tern Corporite tape til we be 
prepared te larger pretest tes 

reeValuation of our parameters tor plant design, anmed of 
our emplovinent practices. The aeeompanving squeeze on 
wage and salary seales places great stress upon aeecurate 
lew dene t penny ‘These be level 
oped only through the proper use of our newly appled 
stutistienl tools, whieh we tise tere 
the future 

emphasis on an aren formerly by the 
sales predietion. Corollary to this the reed 
plant. Crone is the dav when overstathng tor penuk 
control the must have 
aecurate sales estimates and sella rates at bis 
of these are mot avathable be comeern 

costs are sev that the ool 
the precuetion bite ot given 


the tor renter necuracy poreednet pen 


The Personal Equation 


This ts an age of bigness. Mergers are all around tis 
such movement terenses the use of 

engineers whe are senmeative te the teed bor 
appreciation of the dividual, and whe establish 
Whieh are personal rather than without de 
puerting from statistical canned proper 
may well make the greatest <ingle contobution to proper 
worker motivation mm the last two deendes \ considera 


ter the of sound control svetetus 
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Relentless Search for Truth 


There are so many tensions in. our modern industrial 
t tecomes a stubstitute for tact. 
subyeetivity rather than obypeetivity dictates decisions 

Tensions between management and labor, between 
between line and stall, are all too comin 
is the solution? An of the underlying 
lorees at work. and the «be ola sensitive detec 
lion wall provide carly warning before imternal 
destroys the team. This, too. is the work 
the And the solutions will be 
lond only through the tireless seeking of truth om the 
welter ol subjective argument, and the establishment of 
criteria Which can guide the proper tmanagement of the 
Corporation 


ln the search. mwever be lost 


terimlly in such problenis, baat it is Virtually 
meaningless in effecting a solution. Here agam, practs 
thoner and theoretical screntist must work as a team 


Our Organization Its Destiny 


We have an everv-member task. member of 
working in with his colleagues on the problemi areas 
mn Which he has the greatest expenence and has done the 
most memive thinking, can contribute to our ability. to 
aecurate methods tor predieting future trends, 
and tor rather than oppressive control of 
current operations 

Let's make 157 OS the yvear of consolidation, contin 
wed growth, and professional maturity. But above all, 
lets make moa vear of new awareness of the larger task 
of Todustrial the decade ahead. 

With teamwork we cannot tail Without it we cannot 


succeed 


INSTITUTE INTERESTS 


CALENDER 


July S10 Third Annual Creative Problem Solving Lostitute 
The of Buffalo, Bullalo, NO Yo Write Dr Sidney J 
Parnes of Creative bdueatoon, The University of 

19 Short Courske in Management Sesenee and Com 
‘Tee ba niversity of Michigan Arlo Michigan 
sity of \Ivehigan 

September 15 Third Course in Statistical 
Control, Sever Hall, Washimgton University, St) 
Write J WO Lahr. University College, Washington Une 

Seplember 2425 Saath Annual bleetronies Sym 
Morrison Hotel Hines Write Garbarine 
Armour Kesearch boundatoon, Lnstitute of 


PERSONALITIES 
hal Carrell 


Mareh OS, 1057, Phal Carroll made full payment on oa Life 
Status Membership aly law to the Constitution approved 
Ne Carrell of S470 50) and thu- 
the first member to take advantage of a Life Statu. \lem 


Miatermal has named Harold T 
as chairman of the College Ludustry Committee on 
Material Hamdling is Head of the Department 
Committee is part of the program of assisting 
with the development of handling education programe at 


the college level and in extension cours (Committee aetivittes 
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development of visual ands, course and coordina 


trot of research projects 


(crant reson 


\ Todastrinl Material Handling and Packaging Contes 
sponsored by the San Francisco Chapters of American 
Material \ International Pack imitiv 
sued Material amd Stanford University. wae 
held at Stanford on Mareh 26 and 40. The 2 day conelave feat ired 
experts from the Bay area conducting discussion groups on prob 
lem subyeet= Professor Grant Treson, Head of the 


at Stanford, delivered the kevnote <peech 


Joseph Terr 


\t the Miareh meeting of the Cleveland Ch ipler afl Nie 
Jompreh Terr, was awarded the Natironal Award for designing the 
Mero Terr, consulting engineer and mdustrial art~ 
designer, does considerable lecturmg, writing, and holds numeroau- 
patents on equipment, ultraviolet: applinnees, and 
other products. His affiliations inelude The huminating bongs 
neering Socret\ Society «of Protesstonal \imerican 
lostitute of Tudustrial and Cleveland Teehnieal Soret 


VEL CHAPTER 


The January meeting was beld on January at Western bles 
tree Company. The automatic order pieking handling 
“stem was the mayor item of interest during the tour of the 
plant After dinner in the company cafeteria two movies were 
shown Western rv il The (seorgin Teeh 
Student Chapter members were special guests at this meeting 

The February meeting was held February 26. Me LW. Miller. 
Management Consultant of Arthur Young and Company. of Los 
\ngeles, spoke on the need for aceounting techniques as well as 


engimeertmg skills for efleetive control methods 
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‘The Nlareh Wie beled NIureh Krol, 
(jeorgia Tech. «poke on “Some Aspeet= of New Produet Develop 
His talk etiphoastzed the tmportanee of the es 
of mew that engineers were purtieu 
well te cud ote this evaluation 

Phe April meeting was held 25. Mero Prank J. Johnson 
Vireralt Corporation, Miaretta, Geeorgia, spoke on The Role of 

The following offtieers were Milt Pitt<, President, Joho 
Seott. President. Till Poark- 
Seeretas Baleom. Treasurer, Dan Mahat 


beets Tha os Dee lel cone the Coeorgia 


JA 


cna April ting whieh was held on 
the Western Society of the subject matter centered on 
Work Sampling The cher tor the evening Wits Wallace J 
Assoctate Professor of Tndustrial Lehigh 
Bethlehem. Peonsvivania This discussion was de 
wooed te give a practical application of the teehmique to these 
stteneling Professor Hiehardsonm is gr vluate of the S Naval 
withan MoS on Podustetal from Purdue 
has taught at Lehigh University <inee 1952, has conducted Work 
Sampling studies tn a wide variety of creed cat 
cof come thee Metiraw Hill this April 
Hiehardson brought the following aspeets of Work 
Sampling before our grotup 

| how te combuct Work Sampling 

Relatality measures how te use elementary statisties te 
the uselulness of re 

Control Chart conerpt how te use result~« of Work Sampling 
to elleet improvement 

Examples from shop, offee, materials handling, drafting 
room merchandising. and the determinatvon of work 


CLEVELAND CHAPTER 


Not To was pre ented by Dion Coppell Vice Press 
dent. Wagner Baking Corp Newark, New Jerseys Mer Copell hae 
son international for has distinguished contributions to 
the frelel Te is a of the Cobbreth 
and mans other awards for outstanding service in thax pore 
he bas clone considerable are hs 

April IS. the Chapter sponsored a of the Nelo 
tee see the latest on lighting efleet=| oleerve 
oe from the «tage of the 


the 


PAV EON CHAPTER 
the Deleo Produwet~ Diviston Nuditertum on Tuesday evening 


thy Tou trical 


iy? sal tive “A Nlan 7 tive | 


organization, bis present and potential value. fev 
wills 
wos af Che whet real Wiew 


HOt STON CHAPTER 


The Houston Chapter’s first of the 
by Mie W Phant of co 
Company. Langdon gave a very 
ease history of Che cated 
tunities enecouttered hos plant a cletathed at a 

The subyeet of the Che Nleeting wa 
Vir S A. Brooks and Mr J Z Nie ver pore 
of Todustrial at Messrs and 
presented cases te of Nir ver 
at the meeting 

The Work © cnterenes tty 
November, was our mest meeting «peaket 

Labor Standard Mer Ceerald Lowenmdieh Supervise 

of Work Standards. Creneral Ve con 
‘Texas 
© 
Melat of Werk nt \ ‘) 

New Teehniques of Work Measurement Dr 
Technology and biditor, Journal of 

Work Measurement om the Cwerall Control Program 
and Valles 

The conference wae the Barat © confers 
enee, subyeet matter of the Second Conference Ware teed to 
effeet am the beast for an to the C We 
beheve these conferences are or ving tee the 
general pubblie of some of the tit aspect cot 

the Meeting Me Benth 
President of «poke on The 


reste eal 


ver’ pteresting ane worthwhale “Thee on talk 
demonstration from an aetual case of how differenti thee 


heteh hos mental teare cof 


JACKSONVILLE CHAPTER 

The Jacksonville Chapter held om 
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ISVILLE CHAPTER 


At belruar \ theeting Nir rank Thotmpeon 
stein the New York Othee of Mehinees & Co lev Management 
(Consultants. addressed a select group of member amd of 

Management Traming in the Factors 

Marvin Mundel) Vice Director, Management Center, 
Marquette University, Milwaukes Wisconsin, Was giiest speaker 
‘tthe March meeting ‘The of his address was “Objective 
Mutiny 

The program for the April meeting at the hentucks Hotel wae 
cote Chee ofl Method~ Time Measurement" Mr. Donald 
Paceutive View President, New York Office, Serge A 


presented this interesting program 


CHAPTER 


March meeting was beld on March 27, 1957, the last 
das ol the month ats Plaza Iraneh, biret National 
tank The program featured a lecture by our Program Chairman 
on the of quality « ontrol to comples 
gunded 
(dur attendance in February wae rather «mall, buat after the film 
program we all got inte a tang up table disctisston. 


Milt TENNESSER CHAPTER 


The Mareh meeting of the Middle Tennessee Chapter was held 
tthe VED in Tullahoma. Three speaker 
highlighted thie meeting Thotias Digger presented a 
ol hal Carroll piverts iti Nashville recently. Wendell 
president of the ¢ hapler, gave a report on 
laghheht- of the fourth annual conference of the Southeastern 
shock place in bebruary at the University of 
Penne see. and feature speaker of the evening was Mile» Mav 
director and ecomstitution chamman of the Middle Tennes-«e 
His wae rentive Thinking”, and secluded 
of “bram storming 

of the Middle Tenim oe Oh American Institute 
of bngineers went te Nashville Monday, April 20th 


jew the regular meeting of the organization titan 


guests of a group ool engineers Trom the Nashville ares 


iti 


Metore the largest turnout of the season, the 
Chapter presented «a moderator panel discusston on “Problems of 
the as the subyect of ite 
March mecting The moderator was Mr TOA] Nupp, Chief 
trial Sealtest Supplee Divison, Natronal Dairy Prod 
et ‘The protec l members were Mr © 
Manager of Manufacturing Buttrick A 
\ Chapman, bongineer, Phileo 
Velesicion Division: Meo Ruble, Manager, Industrial 
Division, Brown Tostraments Divisron, Minneapeot 
Hones well Regulater Company; and Mr Utz, Chief 
tral Martin Century Fart 

the tapes whieh covered were the purpose of 
the fodustrial and the Tndustrial bangineering Depart 
ment place of Industrial in the organization and its 
relationship to other areas of the company, organization of the 
lodustrial Department, and ertterta of pertormanes 
for the Todustrial bungineer and the Tndustrial bngineering de 

It was generally agreed that the primary funetron of 
the control and reduction of costs The ladustrial 


t reqeort te as a level of man 
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ugetnent practical The actual place af Industrial bngineering 
in the organization of each company will differ depending on the 
nature of the product, methods of manufacture, type of industry, 
ete 
It was pointed out that the Industrial engineer will be able to 
do a better job if he is willing to recognize that Industrial bongs 
neering ix primarily staff funetion. Above all, the Inclustrial 
engineer must be a good salesman if he is to do his job properls 
The prolleny ofl salesmanship and the alulity to get along with 
others ix even more acute at the administrative level. [tis ex 
tremely important to keep management mformed of the obypeetives 
and progress of the Industrial Logineering Department 
The annual business meeting of the Philadelphia Chapter wae 
held in April The following officers were elected for the 1057 Os 
President brederick Cline, Jr 
Division Head. Industrial kngineering De 
Leeds & Northrup 
View President) Thomas Nupp 
Chief lodustrial 
Sealtest Supplee Division 
Secretar Richard Wo Walton 
sensor Poclustrial 
Merck Sharp & 
Division of Merek & Co, Ine 
‘Treasures Virgil Jo 
Methods 
Leeds & Northrup 


PHOENETX CHAPTER 


A meeting was held on Oetober 25, 1956 at whieh eight 
trial bonguneers professed an interest tn initiating a chapter of the 
in Phoent,s. These organized a steering commit 
tee under Forrest Smith, Arizona Product~ and Machinery 

On November 27. 1056 4 dinner meeting was held to disetiss the 
formatvon of the ehoapter hort, engineers participated thie 
meeting aml committees were te feor thee 
sed te prepare lor thee « 

{work meeting was held on December DS, 1956 at whieh the 
for the coming Vear were 
disctissed 

Ata dinner meeting on January 22, 1057, Mr. Lew Haas, 
tive SBeeretary of thee mis Chamber of ( ommerce 
the organization te corned clone ussed the “Past buture 
of lodustryv in Arizona.” 

The bebruar, neering Wie con the af whieh Nir Pheer 
bert Director Computer Appleatron- for Creneral 
blectrie Company tn Pheoents, discussed the efleets of computer 
of industey and the need for Tndustrial bangineers to know and 
umderstand the sutomated data 

The ¢ onstitution of thu ‘hiapter ipproved the National 
Organization on February 25, Mos. 


the following ils were eleeted 


President AO Nelson Revnolds Metal- Co 
Arizona State College 
Prestdent 
Secretary John Noonan KRevnold« Metal~ Co 
‘Treasures boil Wara- Corp 
Director Merle Nutt Arizona State College 
Hart Consulting 
Nlarvin ice Notorola 
Robert Atreraft Corp 
Te te snold< Nletal~ Co 
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Meetings are held on the tourth Tuesday of the month at the 
‘inner ts served between amd and the ofheral meeting 

The meeting held on \Mlareh 26 was the formal eharte rite treet 
tog Mer. Jim Nordahl, View President of the Western Region of the 
presented the charter” Mero Walter Lucking, President of 


Publi Servier. was the cher of the 


CHAPTER 


rant, Was under the chairmanship of Prot DD Jo Kaufman of 
Washington € niversat Nir William Newel, Dept of 


Ordnance Corps. spoke on Mathematical Programming 
Mir Newel presently holds the position of Programming ane 
Statisties Specilist for the Ordnanee Nlanagement 
Traming Program Army, 

ln Mareh, Me Prestdent of Carter Carburetor 
Diviston of ACK om the 
The Loss This meeting wos 
tee Chee of the Plotel Chase wath Mer ¢ {, 


Downen, Perceptual Development Laboratertes, White Rodgers 
Company St) Lowe. vetoing as chairman 

Phe St) Oh teed eleetron of otheers for the 
term President tor the vear m Martin Bauer. 
\asistant Chief of Carter Carburetor Divisson of AC] 


Nie Bauer <ervwed last vear View President and im 


recent bes ine pore ehapter Vee 


President is Miller of Washington Universit. Seeretary 
W Bernard Saunders of Car and Poundey of 
and Treasurer Charles Wiek< of Chase Mag 
bleetedd to two Vear termes a= members of the bwecutive Com 
mittes are AO Dhow Chemseal Co. Herbert 
Steel Ce 

third annual intensive course tn Statistical Control The 
course ts berg offered tn with the St ehapters 
of | Chee few the ent 
NIanagement The dates for the bee 
Sever Hall on the W eon « 
registrants ber further tes 
deseriptive program write ter College 


St) Loewe 5. Me 


RECENT REAIDABILIES 


AL POMATION 


‘Tlow (Can Othees Newt thie cysts cof tion,” if I, 
The thee, Nlareh 1057 
The inereasing use of taechanieal equipment as a means of 
stemming thie tipes are ~piral of offer costs hiss entisedd 
protentical buvers to turn to the rental poath for the tse of the 
equipment Almost all mechanteal aids to production are 
iVatlable through lease ot m only a matter of determining 
the mechanies of the leasing method and the terms. The pru 
lent avails iteelf of all mechanteal te merensed 
preduetivity without waiting the aequimition ean be 
complished by traditronal budgetary appropriations. The 
oout permd oon whieh the savings are greater than the 


heen 


Far Have We Cone bes buch 

well written is definitely of interest to every 

The authors state that \uteomation t more than mere 
mechanization of existing routines is reeagmized that ot 
tithes obeolete tan\ existing om oft 
thet ot mimkes tithes mans of the end result« always 
before considered essential 

Miany Lave through design ane 
instalintion of «a new stem amd new machmes to ated 
make more thers work flow 
have thought of atitemation a= a «\stem: how many 


heave the he col cota feedback 


July August, 1957 


within ther own operating routines to derive the tallest 
vlvantage from the new 

Before hutomation can be fully exploited. many 
ated regeorting wall hawe ter bee analy ced 


cruel revise! 


Designing with High Speed Computers 
Vachine 72. 7. 1057 
bleetrome and mechanical computers, both large ated «mall 
have been used for many \ears 
certain areas of engineering to reeent veare, there hae been 
an awareness of the usefulness of theme 
os an design High «peed, automatic cleetronie 
ters take analyses of «trength 
performance of machine elements and result 
optimum designs are usually determined easter and taster 
than bby rule of thuml:s practices 
This article «ummarizes con ideratione stig computers 
indesign and presents number of ty preal protletue 


be 


Mio Nareh 7. 1057 
Technical writing can be pruned of 
 lrawing fillet. aned thee wall elarety tt ae tellet 
strengthens a corner All that m needed m ecliting according 
tere changer 
tn this article bach category represented tm the 
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an literature. cheek wall in 


How te Make Your btleetive, 
ack Offers Vanagement. March, W057 
other forme cost very little, the author ea 
bait colleetively the represent heavy company 
‘Phe rtucle ceeerthes wat. to heep the of forte as low 
bey the efheoent processes for com 


conned jere Useful tips on preparing 


speoheation= devising numbering s\eteme- for 
seed testing tnetruetions for the une of the completed 
tai 


writing aml bow te it ‘The author ha- 
tuhen leading added some of his own expenence with 
waniting. and organized this quick reading surve 
hough it's woe seeret that much technical writing ts poor 
tourther « trom the onl srocdtante real 
meeting of an American ¢ hemcal group ‘Tus 
neon from base Kesearch & Companys disetssed a 


oof recent technienal school graduates and their stapes 


‘The were ot the research steel ity 
Standard Company The greatest wenknes. 
oung technieal men, according te of their stapes 
better and writting 


atithor <tggest- these to 
| betore vou write 
2 one 
| beollow the natural loge 
Write sentenes 
» «hort. word- 
Put at the tart 
active verle 


Dake prode in clear writing 


teu \ Neglected Pool 
natural awd artifieral, and the erterna for judgong 
lustratesd wath tuhen from Canadian 
thas ts designed to tanulacturers in 
raming productivity merale, and efhereney through the test 
efleetive use oof lighting Tneluded a useful chart of the 


Nin 

In the post vear, packaging bas made great progress in twe 
1 the of amd tore work trot the 
proach af leaves the factory, amd 20 greater 
display and amproved self selling efherenes 

ot sees that there wall bee 
to these aime this 

packaging 

burther tn color and color contral 

(ireater packaging use of tn Porte 

weight glo 

baurther tunmetronal in cutie 

volume use of throw aways molded and formed 


huge 
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‘Operational \pproach te Creativity” bw Geordon Harvard 
(‘reativit\ like peace everyone evervone seetie 
to have sone at. appears able te pore 
duce it) Consequently, the businessman beginning te 
wonder whether this is alla pipe dream or, at best something 
that just like poker 
The author ha- worked out a new approach whieh om de 
tt olyectives enable the executive te 
ereatival the researcher to find out some 
at His article a discussion of the busines- 
side of bis «tudy. Tt includes some practical advice 
to the businexs manager, and features a transeript of actual 
ste with interpretative comments try 


the author 


The Ten Biggest Pitfalls in Plant Loeation. by assen 
In stirvers comducted during the three \eurs. tore 
than | OOO major imdustrial firms have been asked: “Has vour 
mew completely successful and, of test 
what have been the most inportant contributing factors 
Their answers to this question were compressed inte a list of 
the ten most common and costly mistakes 
‘These are the mistakes made bv those 
moves have not worked out a= they antireapated 
of labor cost. 
Neglert ter yrowth 
in checking the 
Laek of distribution Know how 
bashure te the of the now yl cone thee 
Negleet to check on supporting facilities 
Kelner on on costs steel 


1) bathure te recognize cost relationships 


“Top Management Deeimron Management Kevin 
Wi. Ninv, 
\n original approach tor the of simulating the 
is ‘Top \I image Decision 
ing, tramong devier pust developed by the American 
ment Association. asteally, it ts a business “war game in 
which teams of plavers, in direct competitvon with each ot her 
make the basse deemrons of the kind that face every top tian 
agement and see the results tomediately, The game 
-pectheally designed to provide comlitions under which a few 
hours of coneentrated deetron making under pressure wall 
vears of business e\ perience 
The kev to the game ts a mathematreal model of busine.- 
group of cause and effeet formulas that would determine the 
result« of each move bey the plavers 
hie developed over the course of a 
changed half a dozen times in the course of vartots test rune 
tesult. were orginally computed on desk ealeulators Later 


INVENTORY CONTROL 


tt Moore Nccuratels ane ¢ bes 
bs JO Leach, The Office, April 
In ant manufacturing company, a frsdamental of 
tenn control and planning consists of comparing the 
of raw material~ against the actual usage of stich 


tiatertal- for ant given tianutacturing the 


Volume Vill, Number 4 


| 
| 


planned and actual usage are compared continuously, there 
can be ne real control over penn the 
Dhere ts also the ever present porevtole moot controlling the 
wtual row material 

The Upjohn Compouns been <ueeessful im combaning 


raw toatertals alloeatron versus usage, and actual inventory, 


OPERATIONS KESEARCTHI 


cored Theor “by bk Bennron, Ma: 
ness Review. pp New Dee, 
Vinong the newer avathabte to the 
culled “theory of gone 
Phe sutheor some light on one of the proty 
cerned especial with rel ct Che 
the general forecast whieh must ot) 
Viewer col theort aetoon at thm erueral cot 
planning designed to thinking as te 


cot pen cot heer nites 


at dents ders Conterence Beard Wee 
problem= during World War Tt ts essentially o 
cof thee beet ofas\stemor an integer steel 
It the talents of «a Vartet\) of speectulists 
utilizes mathematical analysis, seeks underlying principles 
eonmelustons whieh the probable results 
col of The conelustons of an st 
reseuret: ire to be shown as a range of alternate 
rather a= right’ answer 
tisetul application ts te comples problems where 
mont faeters are involved and where the elements of the 


lem be menstred aod deserthed tn quantitative 


"Phe Method tev Solving Lanear Pret: 


linear Programming t method for optimizing a linens 


When the vartables are ter set of 


theoars for solving these problem- has been Known for 


on Linear Programming bes zig. 


= purpose ts te releve rete 
relieve of mental the related 
ore thetueelyve of wall poles 


tv j 


thier heats of data tes 
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whieh ratronmal formulations are met vet prem or tem 
e\pensive 

in the realm of higher order controls 
these mental tasks seleet penn ulteriative 

means of whieh an economy, organization, or other comples of 
vetivities. mat move from one defined «tate sen 
prewiuetion control senses Che role that eles 

It that the of certain of the 
comple. control processes ure re the ofan 

The lenge ne il this chee tat 

1 Nine revpol we human energs tusks 
2 Automation. Machines replace simpler human control 

tusks 


control 


OU ALITY CONTROL 


New Multiple Sampling Plan for Quality Control bey 

This article deserthes cost savings s\ stem for 

ire whieh the author believes 

throtgh the tise of explrert tet 
~tamdard weighting factors. amd aeeurate records of recurring 


tlelteets 


The Ampex Quality Rating bey cal 

within the Corporation t a new 
for evaluating t he shits levels of tw ot 
various stages of fabrication This article presents tn three 
~<cetions the background resulting the development of the 

ical statistical theory relateng te the of the 


ater 


WAGE AND SALARY ER 


Harvard’ Business Review, WE New deve 

Though «a relatively voung tan, the author hae had eon 
~iderable tratmiog ated experience tn the cof 
relat tern 

He mmterested tn thee treld after be feted that salary 
relationships ameng thanagement people were, 
than among eclerteal or 
management recognized the beat of ot lees 

te take appropriate action to correet «et 


the of own experience and his oleervation of 


cot the ctsther erttetioa tor 
troeture. provides a cheek Lor ma pets 


VMEASTREMENT 


The «tates that trem Pastor te: 
Valuable attempts have been made te work Working 

the aspeet= of the problem are 
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no method has takenemnto account the 
base and core of the physiological possttalities of 
the human machine 

The authors" method involves an analyeim of broth 
oul force. emery - mvolved with ime job 

The analysts of mechanical forees accomplished through 
deagned platform which treasures the sum of 
forees involved in a 

expenditures are measured by calorimetry 
upon the average calortthe value of the oxygen eon 

applications of the technique ieluded are 
laving, griwding, textile «panning cutting and 


selding amd clerteal wort 


Services 22 Weert Putnam Ave Conn 
Sil 


efleetivels the between elementary 
coed DAL dite imventor roti 
trol of the two factors allecting 
of an ttem oi te of 


when to be made or purchased. i developed Order 


I, OPPO 


Wat tt ts 


The engineering opportunities service a 
of the American Tnetitute of Tndustrial 
Khich collects mformation conceruing coployvment opportunities 
ona tatronwide ane provicde this information to 
request) The committee i composed of members from the 
ated the i furnished tree a- 


~ervere to and lodustrial | 


SERVICES PROVIDED 


Sone ol the known pols openings will be published in condensed 
each of the Journal of Tndustrial bagineering which 
monthl) te over members and <tudent 
of the ATT 

monthly Opportunities Bulletin os supplied 
seventy chapters located throughout the United State» 

bach openmng ts a number for 
Phe name and address of the person te contact for additional 
comceruing specie pols openmg i sent to 


ESS CF THE 


\merean Tostitute of Lodustrial boagineer- 
115 North High Street 

15 


PMPLOVERS 


ae te list them with the bagineering Op 
Service agen. and educational on 
as well as ated are urged to take 


ier this free service Venu job 
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(Juantity formulas and Reorder Point formulas are presented 
snl with eule variables expel sited (‘al 
culus is jpudieously avorded and only a minimum of high school 
The addy intages of screntihe inventors control 
versus mmtuitive control are discussed inp termes effecetivels 
designed for the typical executive involved with the admunt- 


tratoon of th® inventory funetion 


Jnatatlation Manual niveraal Plan of Joh Revaluation. P el 
(self published 1056). PO) OS. York, Pa, $10 
ition concerned exelusively with the me 
intemded te tothe evaluation of any job 
Divided into two Job and Merit 
cos. plus gener pretace ated an 
thon of copyrighted forme tatlored to the svstem 
cheserthes the mechanics of the evaluation «\stem 
-tamdarad of evaluation with a total of eleven 
factor=. live of which have twe prart= tere sone jrart 
pplving te jobs mvelving manual eflort and the 
other to pole mnvelving mental effort primarily 
Part Pwo covers merit rating tn order to provide a 


front pay brackets arecused teste wlol fined rate- 


TUNITTHES 


with our lustitate, vou are sure of reaching high ealbbre men whe 
have pussed the Dnetitute’s membership qualifications and 
we fully qualified to fil many types of Todustral bLogineerng 
jole 

boogineers are often emploved in such fields as Work 
Measurement, Production Control, Plant) Operas 
trons Research Kelations. Sales and Nan 
bora more complete coverage, see the following list of pols 
Please do not hesitate to forward ttormation on jole 
aren Where its recogmized that an lrcdustrial 
will bee ol value 

To lst vour job openmgs with the Opportunities Service. send 
all or part of the follownig information with the name of vou 
contact man tothe above address Ty of location 
trom, salary range. 

This information will be publeized to the in con 
form on the aly chapter 
mre shown Vent desire it lunge vel 
eleewhere on the Jot wnat vivertising rites wall bee 


VEVBERS SEERING JOR OPPORTUNITIES 


"The following lint «hows ay June 
M57 vou would more alvout one or nore of the 
positions listed. mail the numbers with vour tame 
uldress to the Opportunities Servier at the above address The 
servicer will wlvise Ver by returt the 
of the person to contact for further mntormation, of advise vou 
thie im Theo avatialle You Wall beer 
warded te the wath: thee see tuhe 
the suitiative voursell 

bor more current listings. contact 


tars oor Opportunities Chamman for the latest Bulletin 
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145 N. High St. 
Columbus 15, Ohio 
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